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Mr. Scientist. . .Engineer. . .Businessman. . .the Clearinghouse for Scientific and Tech- 
nical Information can serve as your key to progress in research and development. Each 
year, some 40,000 unclassified documents from more than 125 Government agencies en- 
ter our collection. The Clearinghouse announces, reproduces and sells these reports to 
the public at a nominal cost. To make this wealth of scientific and technical informa- 
tion readily available, we have tailored our services to meet the needs of the highly se- 
lective customer as well as the general user. Some of these services are listed below. 




U.S. GOVERNMENT RESEARCH AND DEVELOPMENT REPORTS (USGRDR). This semimonthly 
journal abstracts approximately 40,000 new Government- sponsored reports and translations an- 
nually. Features a quick-scan format, cross references, edge index to subject fields, and a re- 
port locator list. 

U.S. GOVERNMENT RESEARCH AND DEVELOPMENT REPORTS INDEX (USGRDR-I). Publish- 
ed concurrently with the USGRDR to index each issue by subject, personal author, corporate 
source, contract number and accession/report number. Quarterly Indexes and an Annual Cumu- 
lative also are available. 

CLEARINGHOUSE ANNOUNCEMENTS IN SCIENCE AND TECHNOLOGY. A semimonthly current 
awareness announcement service in 46 separate categories representing complete coverage of 
all documents announced by the Clearinghouse. Highlights special interest reports. 

FAST ANNOUNCEMENT SERVICE (FAS). Selective announcement service emphasizing commer- 
cial applications of report information. Covers approximately 10 percent of Clearinghouse 
document input. Compiled and mailed in 57 categories. 

SELECTIVE DISSEMINATION OF MICROFICHE (SOM). Automatic distribution twice monthly of 
Government research and development reports on microfiche. Economical and highly selec- 
tive. Several hundred categories from which to choose. 
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GROUND TRUTH 
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PROCEEDINGS OF GROUND TRUTH S8S8I0N 
NOVEMBER 1967 

- *> 

INTRO DJCTI ON 


The importance of ground truth to the success of the Berth Resource* Aircraft 
Program (FRAP) U recognised by user agencies, instrument teams, and RASA. 

It la also recognised that documentation in needed of the role of ground truth 
In future orbital apace missions, as well as present capabilltltes and future 
requlrsaent* in the SIAP. 

The initial grouai truth working session was held at the Manned Spacecraft 
Center (MBC) on *ovc*fcer 27, 1967. to discuss and document these capabilities 
and • equireamnt*. The ground truth activities discussed in the session 
prl*arily Included the following topics: 

1. Existing ground truth capabilities. 

2 . Measurements required end measurement* currently being made. 

3 . Equipment now being used and future requirements. 

4. Ground sites now supported and type of rapport. 

5. Recommendations relative to the ERAP concerning ground truth. 

t 

6 . Extrapolations of the above topics for short term (10-15 days) and 
long terfa ( 1-2 years) orbital missions. 

This report ia a compilation of p*pars presented at the session by various 
participants in the ERAP. This document is not intended to represent total 
ground truth capabilities and requirements, but should be used for information 
and aa an aid in planning for development of ground truth capabilities in the 
future. 
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|«vM-cr*ek magnetic tape recorder for each epectraeietar - 2 required 

Storage owllloMotM for lastantsoras recording trad viewing of 
spectra ftoa field spec trass ter a - 2 required 

Milo last rowan tat toe pickup track with caaper (for apoatromtor 
ins intrants t loo r •cording coe?lex) 

Infrared cawera for da tailed field thermal etudlaa Involving crop 
caoeplaa 

Infrarad reference for U calibration 

iutomtic data recording aye taw (punch tape) for weteoro logical data - 
20 ckannela 

Moblla iaatruwantatlon trailar for data recording ayataw and auxiliary 
equipment 

Mataoro logical and wlcroamteorologlcal inatTuaen tattoo 

Recorder* - dual pan nillluolt 

Cataaraa 


rundof p^i ifbfrfffrm itudi f 

Mlcroacopa 
Spec tropho tone ter 

rhota laboratory md d«n«lt<— tTT 

Photographic (11a procMla. aquipaaat for at laaat 70 aa 
Combination laodensl tracer and odcrodanaltxeaatar 
Den sic hr one for optical density aaaaureawota 

Sankitioi 

mnr Radio Syataw (oacaaaary for on — im teat Iona between aircraft and 
ground parties end between ground parties during remote sensing 
overflights) 

Miscellaneous laboratory and field fgtlMttl 

Ss>p foil 

The U8DA renote sensing pragma at Waalaoo la cooearned primarily with 
record lag , wt souring, and identifying the energy in wavelengths between 
.3 end 14 microns refine tad or emitted fro* tba earth's surface, and the 
ulcrowave frequencies. A working hypothesis la that each crap sod toil 
condition reflects or eadis energy typical of the specific condition* 
problem is to da tension which wavelengths are the moat sensitive to changes 
in crop and soil conditions, to discover &«nee*s sensitive to these wave- 
lengths, and to develop methods of recording, artasurlog, cad Identifying 
the specific crop or soil condition represented by a s p eci fi c reflect*! 
spectre*. 

The attached Inhibit A describes the objectives and procedures foT 
collecting ground truth and d« tends lag characteristic crap ««d #eii 
signatures at KARA Earth Iksoorui Site 32.* 
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Aa la evident from the work plan, extensive grand tenth data are 
collected la connect too with HRflA overflights, figure 2 shows one of 
a maker of ground parties asking crop and soil waasureaswts at the 
tiwa of an overflight. Radios are considered « scent la 1 (hiring these 
overflights for wain tain log nobility and rnaesai Ti it In is 


fctt J«?i* W WMaursweet on Rittceland Site 

Available soil so la tore in the root eons affects the reflectance pattern 
fra* agricultural crops and rangeland vegetation. Also, surface soil 
so is tors Influences the intensity of wooockroostlc light reflected fro* 
soils. Careful *a*aura*ant of soil aolature la essential aa an aUawnt 
of ground truth. 

Figure 4 shows a technician manuring soil Moisture with a P-19 
Aiclaor Chicago neutron probe and portable scalar* in an area of range- 
land vegetation. This equipment requires sssd-per*LScnt lnstsllatlon 
of aa aluaiaa* access tube at each grand truth site. 

fiifrii ifriiM ti rtffii pm 

Autmtic recording of date la accomplished with the Bora 11 Beta 
Logger shown in Figure 3. foe instrummt, a 20-duwnel logger, records 
sequentially on ccmand every 3 seconds. 6 seconds, or 9 seconds. Each 
channel reading is susuad for 10 readings and the average l* pm^had 
oat on tape at the sod of a 10 value recording cycle. The range of 
input signals the equipment 1# capable of handling extends fre* -2 to 
18 or. 

iRi tmttRStoa mt 

Interpretation of photographic and scaaae* treaepsracle* is wade etch 
1 decal tows ters and with automatic squl^mat, the aoet iagortsnt 
of which la the laodanaltrecar. lhe Uodensi tracer, shown ia Figure 4, 
la a high s p eed , direct rending Isopbotowatar designed for ths rapid 
preaentetiow of two-dlwaasloeal photometric lnforawtloe. The instrument 
quickly and automatically scans and .measures the ©ytlcel density of all 
points la a film transparency and plots the values as a quantitative, 
two-dimanelooal density nap of the *«m 4 area. 


used ia this paper ere for information 

it by th»* 0.8. fiepcrfiRwnt of Agriculture. 
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TIm lsoden# it racer tlUlMtM the tedious manual correlation of do to 
from iucmiiIm tracings. It coo oloo bo uood u o nlc redan* l to— ter to 
plot obooluto opt lco 1 density la graphical fora. Thlo •qui p — n t hoo 
recently booa flttod with oacodoro which permit p Lacing volooo of opticol 
density and X-Y posit Loo of resolution elements on paper punched tope. 
Digit laed dote coo then bo processed la o counter. Figure 16 Is an 
lsodonol tracing of theraol 1— gory shown In Figure 15, token at 1900 
hours. 


run »p«tro— t.r Q,t« ColUcttoo 

Reflectance and transmittance — asureawota from a laboratory spec* 
trophoto— tar (a— Figure 7) are valuable for controlled studies of 
plants and soils and frequently indicate the portion of the spectrum 
where ano— lies can be expected to occur In reaota sensing ueasurasmnts. 

The absolute energy value of spec trophoto— tar curves is difficult or 
laposslbla to determine, however, and the spectral distribution of the 
source differs froa that of solar energy • Field spectra, which have 
a solar ene rgy source, are influenced by such factors as reflectance 
froa Multiple leaf layers, soil background radiance, and at— spheric 
absorption and scattaring of certain wavelengths. 

An Inatruaentatlon Special ties Company (1800) Spec troradlo— tor, shown 
in Figure 8, la used for gathering field spectra. Other field instruments 
also have be— used for this purpose. In Flgire 9 a Parkin -El— r 8G4 
Spectro— tar la elevated over field plots on a Truco Aerial Lift. The 
spec troradlo— tar has a wavelength range of 450 to 1550 — with band- 
widths of 15 and 30 — , respectively, la the visible — d Infrared. 
Sensitivity la from 0.3 to 1000 uw ca'W 1 In eight rugae with accuracy 
of 7 to 10 pare— t. Two a— sing heads, each having 180° field of view, 
are provided with the spec troradlo— ter. One la a diffusing sera— Mounted 
directly on the Instrument case for measuring incodng radiation, and the 
other la a six-foot fiber optica probe which la directed toward selected 
areas of pi— ta and soils for — securing radiance. Tha fiber optica probe 
has be— Modified to decrease the field of vl— froa 180° to 10° so that 
•pacific are— can be Isolated for radiance Measure— a ts . A recorder - 
scanner la used In conjunction with the spec troradlo— tar which records 
spectral lot— slty versus wavelength in a continuous spectral distribution 
curve. It Incorporates a 24 hour progr — tl— r which nay be set to Initiate 
a scanning cycle at any predetermined tl— during the day at Intervals of 
fifteen Minutes of longer. 

A punched tape for— t, shown in Figure 10, has be— prepared for —to— tic 
handling of epee troradlo— tar data. Field data are pieced — punched tape 
according to the forest. 

Purdue On 1 varsity has developed a Mobile laboratory for gathering field 
radiance data and for taking other auxiliary data. Via equip— nt la 
described In fa&lblt B. 
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Radiance spectra acquired In the field with a spectro— ter or spec tro- 
radlo— ter have a general similarity to reflectance spectra Measured 
from Individual leaves — a spec trophoto— tar la a laboratory. Thera are 
import— t differences, however, *ilch are due to the followings (a) 
absorption and scattering by gaa molecules end dust redu c e In com! eg solar 
radiation In certain wavelength bends; (b) Illuminati— from the sun varies 
in Intensity with numerous conditio—; (c) the energy source la a spec tro- 
photo— tar la of coast— t Intensity where— the solar energy source 
varl— la Intensity with wavelength; (d) radiance from crop# In the field 
la affected by crop geo— try, background —11 reflectance and other factors; 
and (a) radiance from —11a In the field la difficult to duplicate In 
the laboratory with disturbed —11a. 

Spectra from a cotton field, measured with — ISC0 spec troradlo— tar, 
and from a cotton leaf using a laboratory spec trophoto— ter ere shown 
In Flgare 11. 


Sfc— l — as— tamtam 

The HASA plane la not equipped with later— 1 reference signal generation 
for the therm 1 Infrared scanners. Therefore, It la necessary for 
therm 1 imagery to be calibrated by —king ground truth — — u n mi r ta. 

These — a— remen ta are made during. Immediately before, and lamed lately 
after the scanner -bear lag pi— a la over the target area. 

A Bars— PIT- 5 radio— tar sensitive in the 8-14 mlcroo wavelength r— ga 
la used for the ground measurements. It la calibrated over a vide range 
In Its reference body teaqperatu re against a Las 11a cube blsckbody source. 

The temperatures for —11, pi— t, and other surfaces, then are equivalent 
b lake body temperatures; l.s. , the temperature* these objects would have 
if they had unit cmissivlty. This reporting fora la used — l— s fcbe 
necessary mteeu reman ta for correction for reflected red 1st loo from the 
surroundings (fuchs end Tanner, Agroa. J. 58:597-601 . 1966) ere made. 

The cere with which the radio— ter ta calibrated sod the high amiss Ivity 
of dry —11 (about 0.92) end green leaves (0.97 to 0.98) minimise the 
departure from true temperature. 

Interpretation of the Imagery la made by Making nlcrod— alto— tar tracings 
across the film laager? at sit— where the ground truth temperature Is 
determined. Optical density of the film at the— particular sites la 
then plotted against the ground truth temperature to produce e curve 
encoap— sing the range of film densitl— In the imagery. 

Since it la tot possible to Integrate the t em pe rature of pi— ta, sad 
exposed —11 in furrows, in a ground baaed measurement, — the airborne 
sen— r does. Urge are— of uniform surface are weed. A highway, a 6 
acre -foot —tar reservoir, end smooth here fellow —II ere the principal 
calibration sit—. Temperature ms— ^ axeman ta are al— made of plywood panels 
25 fee t by 50 f— t recently painted with 3M optical i*lte and optical grey 
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(obtained by sdxlng optical white and optical black) paint. 

Because the temperature of plant, soil, and otnsr surfaces fluctuates 
readily with changes in Insolation, the direct plus diffuse radiation 
Indicated by an Eppley pyranoaeter is recorded at the same time the 
temperature measurements ere made. 

Figure 12 shows the relationship of film density (D) and equivalent 
b lac It body temperature (T) estebllahed for e rangeland site. The relation- 
shin of T to D la luiear, The bare soils were considerably warmer than 
the seml-deaert vegetation and the water surfaces were cooler. The 
Individual brush species very approximately 1,5 C in temperature. 

Th ermal Infrared Thermograms as Ground Truth 

In addition to using a Barnes PRT-5 radiometer for obtaining plant, 
soil, and water temperatures for ground truth, a Barnes Model T-5 
infrared camera produces a thermogram of the target In the form of a 
Polaroid picture. Temperatures from the thermograms can be used to 
establish the accuracy of those obtained from the NASA IR scanner. 

Plant canopy temperature patterns obtained with an infrared casaare 
during a study of diurnal temperature changes in small, dlffarant tally 
irrigated cotton plots are presented in Figure 13. The figure is e 
composite of 4 thermograms takan at the time of day (CST) Indicated 
below each thermogram. The first thermogram obtained at 0540, wall 
in advance of daybreak. The light areas from bottom to top on this 
thermogram - ignoring the one at the very bottom of the thencogrem - 
are a man kneeling between the plot in the fore; round and the center 
plot, an iu candescent lamp in the far plot, and three aldo-by-slde 
instrument shelters Just beyond the plots. The other three thermograms 
depict the same target at latar times during the day. 

In all the thermograms presented, the lighter toned areas present warmer 
plant teoperatures, Interpretation of the thermograms is made by switching 
*-ha tone of a target within the field of view with one of the eight gray 
-cale steps printed automatically at the top of each thermogram. From 
he electronic settings used to obtain the thermograms and a parameter 
or responding to the gray scale step, the target radiance may be calculated 
and then converted to target temperature. It wes necessary to vary the 
electronic settings as the crop surface warmed ao that temperature differences 
~?uld not be compared by visual Inspection except relatively within individual 
thermograms. 

'he cotton plot in the foreground and the one in the background of each 
•hermogram were at about the sane moisture condition, and have the same 
on*, The middle plot was drier than the others. The calculated temperature 
difference between dry and wat plots was 0.1, 0.3, 2.0, and 0.2 C at the 
tour# 0540, 0935, 1520, and 2210, respectively. 
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Xhtrg«l_lnfrared Detection of Soil Characteristics 

Soils are unique in that subsurface soil characteristics Influence 
the energy received by thermal Infrared remote sensors. Investigations 
of thermal infrared detection of soil characteristics are being made 
in an area of alluvial floodplain soils shown in Figure 14. The bare 
soils shown in fields k, 1, end m are those Investigated io detail. A 
transect of 16 soil simp ling sitae was extended across the bare soil 
area, having s variation in surface and Subsurface soil characteristics. 

Diurnal ly- flown thermal imagery of the area is shown in Figure 15. 

Each of the transparencies was scanned with an Uodensltracer to determine 
film densities. An Isodensl tracing of the 1900 hour thermogram Is shown 
in Figure 16. Film densities (D) are directly related to equivalent 
blackbody ten^peraturea. The teaperature-fllm density relationship was 
established at a well instrumented site several miles away which was 
flown only a few minutes earlier, in each case, with the aaaa scanner 
electronic gain settings. Data from tha calibration site were used to 
plot a graph of ground truth temperature versus film density. The 
relation was linear in every caoe . 

Temperatures at 30 selected sites were determined and are shown on 
the isodensl tracing of Figure 16. The numerals beneath each point (23/26) 
nrnen point 23 which Is at 26°C. The significance of these temperatures 
in relation to soil characteristics are discussed in the 1967 Weslaco, 

Texas, NASA report. 

Mta. F roc fesslng 

The amount of information being collected and the number of different 
forma of data balng collected demands that therm be a means of automatically 
sumoarlslng all tha different forma of signals and to convert all summaries 
to a common base. 

The Weslaco remote sensing program at present has information in the 
form of photographic and scanner imagery from the NASA plane, analog 
signals on magnetic tape from tha four scanners in tha Michigan plane, 
photographs in conventional color, black and whits Infrared, "and Infrared 
color taken from the local Weslaco plane aa well aa information from 
laboratory instruments on punched paper tape, x-y recorder charts, and strip 
chart recordings. All these forms of data are compared to manually recorded 
ground truth conditions and to pictures from ground level. 

Crop signatures will be developed for testing by recording reflected spectra 
from various crop and soil conditions by ground based spec teem* ten. 

Spec tropho tome ter curves of transmit tad and reflected energy from individual 
leaves trader controlled conditions are also used to suggest crop signatures. 
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Statistical analytes and eussirlca of data in the fora of digitised 
spectrophotometer curves, data logger output of msteorologtcel sensors, 
and other laboratory measurements are being made by Texas AfiM University. 

Efficient handling of data in many formats and originating In a number 
of different forms requires a data handling system specifically designed 
to take care of the unique characteristics of the system. Figure 17 Is 
s flow sheet rtlcfa shows sources of ground truth dats; ground baaed Instru- 
mentation for gathering ground truth, as well aa aerial equlpamnt; and how 
the output fnm the lna truaanta tlon and equipment muat be processed and 
analysed by computer and then. In some cases, reconstituted Into Imagery. 


In phases of the agriculture and forestry programs which Involve identlfi- 
cation of crops and soils , forest and range species or plant conamltles, 
establishment of Interpretation keys It found to be a valuable eld In 
establishing standards. Interpretation keys In current use consist of 
vertical photographs supplemented with obliques and ground photography. 
Interpretation keys serve three purposes; first, as a training aid for 
the new student; second, as indoctrination into new areas or Iteom for 
trained personnel; and third, aa a comprehensive library reference for 
the experienced Interpreter. 


Investigations are underway by the U.S. Forest Service (R. c. Heller 
and associates*) to determine the ground instrumentation, aerial sensing 
equipment, sad techniques required to detect vigor loss and provisos 1 
signs of tree mortality caused by bark beetles in coniferous timber stands, 
©round and aerial studies are Involved. Figure 18 shows the 1966-1967 
USPS-K&SA Black JH Us Beetle Test Site near Lead, South Dakota. The following 
are examples of ground truth obtained in this study. Many other forestry 
projects are underway for which greosd truth data are collected. 


It has been found that by placing laboratory reared beetles In screen cages 
on host trees (Figure 19) during the period of active beetle emergency in 
the sooner, wild beetle populations could be Induced to attack the tree 
with the caged beetles and many surrounding trees aa well. In August 1965, 
a total of 11 sites were established In this matter within the study area. 


Scedla moisture teas loo la one additional per raster measured In 1967 that 
may help to datatmlna early vigor loss. Briefly the method la as follows t 


* Pacific Southeast Forest and Bangs Experiment Station, OSDA, Berkeley, 
California. 
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The twig end of a freshly-cut foliage sszq»le (about 4 Inches long) 
is inserted through a rubber "o n ring which la fitted Into the top side 
of a pressurised container (Figure 20). The proximal end of the twig 
Is exposed to atmospheric pressure. The oeedle portion of the oe^le 
is then placed inside the bottom part of the container and the two 
parts are screwed together. Hitrogen gas Is introduced slowly to the 
container until free water begins to bubble from the t roche Id cells la 
the cut end of the twig. Boreal foliage required less pressure to force 
out the water than foliage from stressed trees. The absolute pressure 
values - but not comparative values - are affected by time -of -day, season, 
soli moisture availability, and sunlight conditions. 


ion of Ground Resolution Ta 


A ground resolution target measuring 8x68 feet was constructed to determine 
spatial and thermal resolution capabilities of thermal Infrared sc aimer a. 
Twenty -seven f iberboardpanels , each 4x8 feet, were covered with 2 all aluminum 
foil; the foil was pasted to the smooth side of the panels with wallpaper 
paste. Half of the panels In widths of 2, 4, and 8 feet were painted with 3M 
black velvet paint; the remaining panels were left aluminum. They were then 
laid out in alternating black and aluminum array (Figure 21). 

This target array was designed to test whether the airborne scanners had 
a 1-, 2-, or 3-oilliradian resolution capability. 

h Measurements - ; 


The following ground truth measurements (at time of overflights) would 
be required in relation to a 10-15 day orbital mission: 

1. Simultaneous photography (aircraft and ground). 

2. Plant and soil observations at all ground stations aa recorded 
on standard form (Figure 3). 

3. Short wave spec troae ter spectra. 

4. Meteorological measurements 


a. Barometric pressure 

b. Dew point 

c. Incoming total radiation 

d. Sky radiation 

e. Wind 

f. Ambient temperature 

5. Specific ilelds with stressed plant conditions shall be established 
to determine if they can be detected from space. 

6. A large bare field will be subdivided sod prepared to Include 
different soil conditions for detection from space. 


10 


7. Lets* ***** of various r*&gs lyy plant cowwunlttes will 
be delineated for ittilog from apses. 


- Otts Tsar fob lt*l Mis* loo 


Ths ass BtMurtaMta aad* for s abort orbits! si* a loo will ba sods for 
s on* -year Mission with ths following additions: 

1. Sequential asssursnsota will be nods to establish ths validity 
of orbital sensing of plant and soil character la tics under a aids variety 
of conditions • 

2. Yields of crops will be Measured and correlated with orbital 
sensing data. 




EXHIBIT A 


Objectives* 

2. To IdooUfy crop" «"-P ooMtioua by r-ot. *S>*°br*l 
technique. 

Variables: 

1. Under investigation 
a. Crop varieties 

(1) Cotton 

(2) Grain Sorghum 

(3) Citrus 

(4) Corn 

(5) Vegetables 

(6) Pasture 

(7) Oats 

(8) Alfalfa 

(9) Satire bruahland 
b. Stage of naturity 

(1) Plant height . 

(2) Leaf area lndaot 

(3) Percect ground oovur 

(4) Humber of nodes 

(5) Bov spacing 

(6) Pbenologioal development 
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o. Plant rigor and ooodltion 

(1) Stand (Plants par unit laogth of row) 

(2) Weediness 

(3) Crop color 

(i) Nutrient deficiencies 

(5) Inceot and dlaaaaa lnfaatatlon 

(6) Relative turgldlty or absolute water contact 

(7) I laid or potential yield 

d. Soil characteristic! 

(1 ) Soil series 

(2) Molatura content 
2. lot under inraatlgatlon 

a. Cliaatic rariationa 

(l) But data! of irrigation!, standard vaathar station data, 
and aolar radiation infocraatioo will ba recorded or 
availabla. 

b. Cultural practice# 

(1) Will ba obaenred and raoordad at tart sites. 
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Procedure to ba followed: 


Tba ground truth will ba that obtalnad in conjunction with orafllahta 
Jloo, 65 mXlm of ground tot Itra, „d 

IdftA and locally chartered plane. On thane flight! wnltibnod Immtt la 

oh—1 opU^ NUMri, Uraral RTMUn, mimmw tmaUm^nTnOmr 
aeannera, and other appropriate inat rna a n ta. Ground truth informtion 

crop coodlUo “ u ooU ~ t * d 

1U -1U b. rtmll, ud .Irate ralrall, to detrat obrtoo. 

dUTarraora In tb. crop ilgMtur.n. Ctur.eWri.tlo ad^atar.. will be Mt 
in an electronic di aerial na tor and into a digital ooanotar to dstaraln* 
tha uniqueness of the apaoiflad signs ta^e. Confldaoea levels of individnal 
vignaturaa will ba detarnlned through statlstleal aelmii»*-i*u a in a oo^mtar. 

Signatoaa fro* individual fialda will ba correlated with ground truth 

through a oovarlenoe natria calculation in a counter. Factors 
that ara eignifloantly oorr elated will ba awrinad aora cloaely to dataraina 
tha interrelation! eunong crop fee tor a and aignaturaa. 

Data to ba obtained s 

Crop aignaturaa, or portion* of aignaturaa, will ba obtained aa 

a. Voltage eigne la on mgnetlo tape 

b. Recorder trace on paper chart# 

e. Photographic iaagarj 
d. Tharaogma 

a. Photograph! of oaeilloaoopa display 

f. I aodanai tracing! of tranaparaociaa, and 

g. Denaiehroo rsafll n|i of trasspsreooles 

All aignala will represent intensity of reflection or odaelon in one 
or no re wavelength hands. 

Interpretation and Application of Results! 

Sign. terra mil be umd to ram, «rw. to d.WraU. tho ertrat of tb. crop 
apaoiaa or condition apacifiad by tha Hgr»t*re. Arms way ba used t<» 
d*tar aine tha potential yiald, to local# tha outbreak of certain plant 
diseases, to assess tha spread of an insect invasion, to follow tba rrnarsaa 
of harraatiaf, or to sstiaate tho acreage pleated, and to ihtwtua tha osad 
for aoU aulat ure or plant nutrient.. 


tas IhfOroKtlaa Kota C8U67 
Purdue Utatvrslty 
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MBoa^TORT ?rot Acwtcatnm/.ii wattro ssusifii; 

Truck Inotrusentetlon anJ Ctr-cbii file* 

B»o basic field data Instrumentation lo designed to ba oamtad oa o 
couplets u nit in the flaXd van such that all field data can be collected in 
tba natural envi r o nm ent of the sample to ba measured vith o a ir team of enteral 
equlpavnt and o r t "‘ t, *« M * of ©ot-up and taks-dewn tine. Aa a eel^» contained 
unit, the field van contains all the nacaaaary Manuring etfripsant and lta 
osm power source . Provisions ore included for operating tte data collecting 
Instruments *ltfecr tbs field van roof or tte ctercy-pickar bucket (up to 

50 fbat tra a the ground surface). Qeaeral instrument echeoatii io aboan 
in Pig. 1. 

Shis instrumentation includes the sensing Instruments and the necessary 
recording equipment. Bra recording ctjuipsest consists of threa basic typeo— 
the BP-300 cavan- channel (1/2 inch) 94 or direct tops recorder, the 

Hmtayvall 2 4- channel atrip recorder, end the operator*# dote sheet. The 
iqy as qP- 300 sevaa- channel tap® recorder ir ueod to record tha output Hignsls 
(lnteribregrasn) and taw digitising signals (clock signals) froa the Pttt-cK 
l&tarfbraestero . Th* output signals from the BLo'A interfere** tars are recorded 
in the £91 wxSo in outer to clinics te tha reproduced a igud - acssOitud* vartationa 
iterant in 0 diroct node tape recording device, Ails the clock aigasala are 
recorded in tha direct node because of the fiuqunncy limitations of tha JM 
node. Provisions ora included for a vole® chmaanl for recording identification 
nuxbars and otter pertinent Inform tion if it is desired. Bra Hiamgruall 2^- 
c tonaal atrip ro canter io usod to smoord in a saasBOmd ftara 00 pspar tte 
slowly-varying signals fre® tterooccuplms EMesurlna tte ground «ad/cc cdbimxt 
teaporotures at various levels, tte output signal tes tte BpP ley jyj&eliCKSjtar 
ucad for indlcotins the (jocctity of lecitot *olar energy c*ertote»d in ft&r 
wide wavalengto bsseta, tte octput of tte Bursae PBB-h radlcisatar ftw ncesu r l rg 
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the Apparent temperature of the icmb ifli M, end the outpit of the 1900 
spectrorediaaeter for indicetix* the spectral distribution of the incident 
g0 JL»r energy . Ibis recorder le e universal 5*r recorder far indicating 
e««Xed value* of slowly rmryU^ conditions pertinent to the experiment. The 
opmtor deto sheet indicates the infoemetion neceaaery for tying together the 
deta recorded on the other recorder*, This includes information such ee the 
run ldentl fleet ion numbers, the tepe position Indies tor veins* for the etop 
eod etert of eech run, the tine of <Wy, various inetrumest settings, end 
photograph number if photos mere tihea. 

Other accessory equipment is retired for ope re ti on ee e self-contained 
unit. Bill includes the 6.5*9 gasoline (or gaeetos fuel) driven Kohler 
frequency eteMlieed MB set for supplying instrument end lighting poeer, the 
30 truck engine driven generator for supplying poser to Ifae sir conditioner 
end tools shioh ere ept to ceuee line transients that Interfere mlth date 
collection, the trance iver gear for enmrnml oetione beteeen the operator of 
the sensing equipment end the recording equipment operator, end miscellaneous 
t/wiTi and instruction an nu a l s for field anlntansnce . 

It the present time most of the sensing end recording equipment end ell 
of the accessory equipment has been installed end used on several date 
collecting missions. The remainder of the equipment le in toe process of being 
installed end continued inprovmsmnte ere being sede on the existing installation. 

the Installation of ths scosssory squlpmsnt is couplets and in operational 
status . ths frequency stabilised 6.5*9 generator attaches ee e trailer with 
connecting cables to the field van end bee e frequency stabilisation sufficient 
to maintain constant recorder speeds, the 3*9 gsneretor connects to the 
truck a^lne mben needed and the voltage level mid frequency ere controlled 
tr<m the van. the commas! oetion* gear is rack mounted and Is meed both for 
^te recording end for mlomding the date the truck to the analog-to- 


digitel converter, Toole end manuals art in permanently mounted rases and fils 
rsblnets in ths van. Because of ths aeight distribution in ths van it has been 
found narasaary to equip the truck with heavy duty springe which are new being 
obtained- 

The Anpex 8 P-300 tape recorder and the Block 195* and 195* interferometer 
electronics are reck mounted in the van. figure 2 shows the recorder in its 
m>unt in a preliminary set-up. Cabling has been aade with interface panels for 
operatic the int erf aromatic optical heads either on top of the van as shewn in 
figure 3 or in the cherry-picker as shown la figure k and figure 5- At tbs tins 
of these photos, the track interface panels were not installed. The cabling and 
interface panels allow for simultaneous operation of the Block 195* sad 195T 
interferometers. Operation from ths van roof is made by mounting the optical 
heads on a tripod set on the aluelnum grid platform and connecting cables from 
the optical heads to the interface panel. Operation from the cherry-picker is 
made ming an Instrument platform mounted on the bucket. The optical heads are 
mounted on geared pan beads fixed to this platform. A fifty foot cable connects 
the optical heads to the track interface panel. The long cables have not notice- 
ably affected the quality of the output signals. The output of instrument elec- 
tronics in the van ere connected via interface panels cm the instrumentation 
rack and on the recorder rack to the respective recording channels. The input 
and recorded signals are monitored on an oscilloscope for instrument and recorder 
level adjustments. 

The Honeywell 2k- channel recorder la in the process of being mounted in its 
rack in the van. Cocmectlima will be made from the recorder to the outalde of 
the van. The sensing equipment for this recorder ere, for the moat part, 
portable ami are eat up outside the van either an the ground, an the truck roof, 
or in the cherry-picker as the experiment requires. 

In a typical data- collect H* mission using the cherry-picker end the 
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Blok 195S and 195T Interferometer., three operator, are repaired. About 15 
alnutee are r~,uired l. order to ..t-up end adj«t the recording Uvala. 
optical 5eada, and cabling. »br the 195* Interpreter, U,uid nltro«« U 
traneferred fro. the Urge da«r in tba truck to tba —11 **«• " OUnt,Kl 

v h the optical W*. A proper floe of mold nltro^n net be obtain* In 
order to ...or. cooling of the drtector. ft. run proc*ura reguira. that on. 
operator In th. dharry-pick.r aim. t* optical he*, at the daair* nee of ei« 
while the other operator r~orda th. run mr—r, d.acrlptlcn, etc., on the data 
.beet. A mm— of one ainute of data and clock .l*,*!. are r««rd* to aapmat. 
the run., ft. third operator lrmtalla mcroaot and Inflation goer on location. 



k 



a* takes rcU.t.r reading, a. r„ulr*. -hen all th. run. da air* at cm. 
Location are collet., th. cable to the ch«r»jr-plck«r buck* pletfow la die- 
connected at th. platform end th. ran and charry-plck.r noea separately to th. 
new location, tak.-down tin. at th. and of th. day 1. alao on th. order of 

15 nlnutee alma <*ly th. <*t.n»l agulp—t and rabllng aurt be packed- 

The data 1 . tranaf.rwd to the IASS V» cenrerter by nean. of th. fifty 
foot cable and Interface panel. »t the truck aod the building. This sl.cvc the 
date to be reproduced fro. the BP-JOO without re-relng th. recorder from the 
The tranacalrar gear 1 . uaed In thl. proc... for c—nlcatlcn betw^m 
the operator In th. van and th. operator of th. A/D conemrter In th. building. 


figure 2 At th* tap* recorder in*i <*• the truck. 


Figure 3 R >. * wring crop radiance in the 2 to U>v> 
b trom the tWA to root. 
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THERMOGRAMS 

COTTON PLOTS VARYING 
IN SOIL MOISTURE CONDITIONS 
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4. Soil «Ml#«U 
5* hUfifit/ analysis 

6. Metaoroiogln toUjill 

7. Density - epeolflo gravity 

I. nutoppHrlo ooBitmtloM 
9. Drafting and Uluatretieas 
10. Donw — atatlaa aad report# 

U. Tort alto eeleotlem analytic 
lldLJttsaUJAUift iuoludei 

1. Geologic napping 

2. Soils napping 

3. Rook tod toil aolrt tiro data 

4. ftdaalTitgr data 

5* Mrteorologic data, lnoludlag or 

6. Tboraal data ooUaetiaB (t-14a) 

7. Tboraal diffusion 

5. Vehicular and transportation 

9. Cr—M cations 

a. Intrapartr 

b. Orowad-^lrcraft 

o. Single aids band 

a. Mlorowuee 

b. Radar 

• flight llaa aarltlag 

• Biosphere data oollootiag aim 
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While it ia roll enough to know ooo'a atroagtba aad abilities, tho vise 
ulll boro full knowledge of thair limitations aa sail. Thus, tho 
following oapabilitioo hart not boon aotioltatod aad aaj bo worthy of 
future eooaidaratiooi 

a. Depth atodies in rooks. Tbs majority of oar r iaasroh has boon 

at tho sarfaoo. Recently, we began maa wiring ataoepberlo profiles botweoa 
the surface and the aeosors. Vo hare still to eenoooo stadias of rook 
data down to the penetration limit of tho RASA suite of eoneora, a depth 
ef ID-12 feet. The microwave team ha a aa p r sassd aa iatereot in our 
undertaking roooaroh in this area. 

b. Ground based eeasoro ia tho microwave region. Boeau»o of tho 
tightly ooaotralood aircraft eehedule and the general laek of microwave 
data, ground baaed siorowm oenooro (radiometer and/or soatt aroma ter) 
would yield aaaningful data aad ahortoo tho tlmo apao required to 
otaluato ground truth parameter# at thoao wavelengths. 
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o. Telemetering. The ability to telmwter data to any direction 
la totally laofcU*. Possible points of tranaadasien include (l) \m to 
an aircraft or epeoeeraft. (2) laterally to a ran, (3) diroot to the 
Manned Spacecraft Center (MSG) data bank. 







n * vory broad e©n*e, the Ground Operation* Flow Chart (Hat* 9) 
etorlboa a aysteo&tlo method la vhloh grorasd ertd airborne eoaoor 
at* are aootanulatad and show* how tfaa resulting lafowatio®, the 
ora of a final evaluation of roBotaly secsod data, Is produced. 

lnoe the ultimata objootiv* of tha program la to raecte-eanta opaolflo 
argoto fro® apaoa and airborne sensors, it follows quit* logically 
hat la th* Initial stages of tha program a oloor understanding of whet 
cm tribute* to tha total signal of any oaaaor mist bo defined and 
secured If v* ara over to mako tense out of tha data* 

istruaeot tanas moat todoretand tha limita tion! and oapab llltloo 
f thalr cwn inatnoaents before uaar group# oaa intelligently designate 
Mir use for any apoolflo target* Tha nead for calibrating the 
aotrusant* by building a backlog of data gonerated over oaroNUy 
Uidied targota ha* ba«n a ooan an objeotiv© of tho Inatrusaat cad grand 
ruth toa&ua* 

i have a description of th* varied paracetors that offset tho total 
Ignal of tha microwave, Infrared, sultiapeo, end radar. It now beeoasa 
» oharga of tha groimd teaa to oollaot tha data on the ground that 
in be used to describe quantitatively tha peroontago oontributica of 
wh of tha varied parameter* aff acting the total eL^oal en tha alrassft 
ifitruaa&tatlon* Tha next logical fltap would be to ouperlipose ea tho 
latnaent data Bcasurceenta taken on tha ground frea which bcsm usder- 
andlng of inetrunent capability should evolve us vail as m and batter 
* rating paramo tors for specific targets* 

geolog to target provides soma of tho scat oonplsx problcaa la rust* 
malngi however, even though the targota vary, tha sosa lnatruwaio ara 
ivolvad and tha pares* tore, if nay, remain oonctaot. It is ths applied 
♦chnlquao that change . 
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f r rmfrfff ***** tiaJaSMSte * a& 


yasi sits £.!££«•. 

«jvirosscatai rariahles* 

^ . Mtovlal la controlled by two variable#, 

the hcatiag ppof ? rt ? fct of For eaaamla* a dark substance 

ousb ae basalt will heat core with even 

llgMar **ri£ owr®. Durina 

greater rapidity due ualta. a complete invar* ior of 

ttonlafc tlT <”°^ °« ff ftLg 4to SiLtoPUl *U1 <jal<*Ur 

SSTJSTiX ,*«?*■ 

ss ~ —»*»• 

end become tho wawcct material. 
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«s«»SS 

SSH&aS.^asSMSsSr^' 

ecapared with caution, 
teto lo 

cites* A Baltieooaer pac kagel s datoottoa fir* any aid in 

fra* «is eigatl.. 8e * > „ csl tto oisef <rf 

ItotMJrtfl* VP» 6W4«88 ettsnloel ohuutso 

j teats4*»l tg^a. ^ tsTSttw lo ai&Atle^ 

• la soil oaatsat ead defining a eiaatao wavim* ree* 

\ o ad pcroolatloB, whioh 

poTOCi^y, feaS aaU KJrtlag. 



Proper interpretation of the tmirnn— ital variables is moumtt 
in dafioinf and interpreting therm! anoaaliaa. In prodiotiM 
voloanlo eruption, the type of notorial, tin therml diffusion, and 
anieeivlty will determine whether a large transfer la mfeeurfhee 
taaperatore will bo raflaotad at tin eurfaoe. In tin oaaa of oulfldo 
oxidation, olinatio features and tha weathering ebamotnriatloa of 
tha sulfide bearing rook will do lamina tin aloa and extant of thia 
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In tha uioroweva portion of tha apaotra tany of tha pa r anota r a affecting 
the signal ara oinUar to thaaa in tha infrared. The aajor diffarenoe 
between infrared ard nieronera is the depth of penetration of the 
radiant energy. Tha penetration power la oon trolled by the dieleotrio 
properties of the naterial. Zn particulate natter, three verlablse nuot 
be considered - the dieleotrio constant oi tbs solid nattor, tha contained 
water, rad the peroelty. In areas of high noistore oon tent even the pH 
of the naiatore can affaet tha oonduetlvlty - rwaietlvity balance. In 
aelld reek, dieleotrio oonetrat naosorenrata can be aada direotly on 
snail arapiss. 

Tha miaeivity at microwave fra qu soolos is lower thra that of tha 
Infrared. Thia rakaa tha reflaotanoe of considerable inportanoe la 
tha signal received at tha ins tcv ant. Slope, surface gecmt ry, rad 
tha taaparaturo of tha sky, contribute a larfar portion of tha radiant 
energy received. 

All aubeurfaoe features seoh as laywod bedding, depth of water table, 
rad etfbeuvfaoa traparatora directly affect tha mi tied radiation. Plata 11 
shows tha diurnal heating and cooling curve of soil at depth. Kota that 
las in haatira produced by poor theraal conduction. Sufeeurfeoo taraerat u ra 
raasurraenta ara naaaaeary 1 a data interpretatiev in natariala which cannot 
ba anally mend for laboratory analysis of their dieleotrio properties. 
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ftauloaert List 


A li«t of BMforaMDti and the equip— t und by the diversity of 
Imdt ere indicated on Plate* 12 mod 13. Nhile not stent to ooatelm 
ell the slnor supporting gear, the** Platei indicate mm of the Mjw 
equipment and tbs four —its ssds tor tbsss laetn— ts. 

Thors ehould be a standardisation In the tiroseft overfl%ht monitoring 
goer, to soko pooolblo tho ooqperleoa of dote from diff erect Wt sites. 


Attain {ttai 


fteoccuandetiane for tho aircraft p rogram have arisen over a period 
of two and cns-holf year* and r epre se nt a synthesis of discussion with 
■say people who hare* varying degrees of familiarity with tho progri. 

1* Ground Based Sensors - for opeotra longer than the visual regies*, 
aneh sore surface work with aonsore on the ground should be aecoapliebed 
In It, both lading and epeatrel, in microwave, and In soattoroestiy. 

In a muitlepeotral approach those sensor* night bo tied together with a 
field van, although several independent vans would be superior In that 
they would offer greater flsnlMllty end the van would not be useless 
to the other sensors if one sensor were Inoperable. There la an intense 
need for field work baa to to the understanding of ground truth which oan 
be beet esoompllshed with this technique. 

2. Ts leestarlaa - WC should be entering ta lon s ter log procedures 
as rapidly as possible in the aircraft eognrvt of the Xarth Resources 
Survey Program. Cxperlenoe prior to speoeoraft flights is required. 

Data oaa be telenstered upward to aircraft or spacecraft, downward to 
field vans, or directly to NBC date bank. HR0£$a23SD) A oenferenoe to 
decide how telemetering is to be accomplished end when It oaa comneao*. 

). Atttaaft tad Data Prtffl tltlllf ” NSC needs to wove toward any system 
likely to lead to autoamted date procsealng. Saeh possibility needs 
to bo explored and evaluated with the Idee of deWninii* which is best 
suited for the larth Resource* Sumy Program. The optima would appear 
to be a single system which would beadle date from ell parts of the 
spectrum. Autonation must start lanedletely with the Aircraft Program) 
to wait for the spacecraft is to urrlte disaster. 

A. Sanaa* Integration - New tensors hove special problems of their cwni 
they require severe time fremot end intensive usage until they become 
calibrated tad useful for their feasibility studies. WCCNwftBSDt Acqui- 
sition of a light aircraft for getting the huge out of new prototype 
sectors. The larger multi sensor aircraft should net be tied up with this 
type of activity, and should oarry only those tensors which have proven 
those*!*** in the air on en isolated basis. 

5. ttoiA fttflfttTff * Additional sensors should be sought for eoneldsra- 
tloo, Host likely sorts of thii^e to be desired) additional vgrelwtgths, 
sseeoielly longer wavelength* in Infrared sad mi crc we rre then currently 
heLsg studied. This approach would also give better mmltispsotral capability. 


6. Ground Try ^ft faatil * ooneideretion should bs given to the 
establishment of ground truth collection teem* within K9C or via 
contractors. Thsss t mm would fxmction to oollsct dots on operational 
missions , oollsotlnf according to opsoifio instructions for eaoh sits 
ss established by the research teams. Tims, thsro would bo reasaroh 
teems for geology, oceanography, agriculture, eto., operating at tho 
soisntlflo level, including planning of Missions and continued raaaaroh 
in lnprorod teohniquea. Ground truth squads would bo prlnarUy 
toohnloians with tho capability cf oollootlng ground truth data for 
•very discipline. This type of activity will bacons mooh acre important 
in tha future when tho larger aircraft operate outside the country end 
when speoeoraft fly. 

7. Copaunina tiona - There naodu to be a greater number of nse tinge 
of the various ocnponsnte of the Berth Resouoroee Surrey .Program for 
tha full axohange of ldeaa and progress among the various contractors 
and grantees, Prior to 1966, nestings of this type were relatively rare 
and tha majority of workara in the program did not have a clear view of 
the overall program. Tha ocsnmneememt of aircraft scheduling meatinge 
in Houston in the fall of 1966 afforded the representatives of the 
instrument and discipline groups the opportunity to gather every three 
months for informal disoueslons and markedly aided communications . 
KECCHKEHDEDi This type of program be oontlnoad. 

8. foresight Camara for W 62-61 Radiometers - A borseigfat o*we depicting 
tha field of view for tha HR 62-61 microwave radiometers is required for 
the interpretation of mlorowave data. These sensors ere tied to the 
traaking dev loss of the present photographic systems Indirectly . Locating 
the field of view of the existing microwave data la o umb ereona at best, 

and iapoeslbla at worst. Tha nlorowava radiometers are hard mounted and 
the oamsra systems are flenounted. The oemeraa look at the nadir, the 
radiometers look a minima of 10° from the nadir, and as high as 45? 

9. ra«t Film for Mimht Miaaiftna . V« re on s m e nd experimentation with films 
of 3,000 and 6,000 A&A for night missions at 2,000* absolute to sea if 
visual data can be gathered to permit interpretation of tha non-imaging 
data such as microwave radiometers and aoatterometry. 

10. AAP-1A Test 3U— - Test sites for Snstnamnt calibration for AAP-1A 
should be defined as early as possible and should be overflown with the 
aircraft In tha near future for preliminary studies. 

1 1 . The tins is approaching whan ground truth determinations should be 
standardised ss to equipment and technique. He ere not at this point 
today, but it is on tha horlson. Ground truth squads (#6 above) will, 
of course, bring increased smphasls on this requirement. 
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SaMiMtft frama lA-Otr Jflstlon ,t 50° lnolin.Ua. 


ReoosmandaUcna made in this section are the result of Inquiries 
commenced by Prank Casey in October 1966 and represent an evolutionary 
continuum of thought slnoe that time, rather than idaas generated in 
tha past two weeks. 

1. HtU-lBWB I«lt Sites - for gwloor v. boiler. Uv»t th» tMt sites 
should have adequate conventional geology available, so that the field 
teems need only perform the specialised studies required for ground 
truth calibration work. 

2. Ground Truth Research Tanas - A two to three man growl truth research 
team will be needed on the ground for 90-100 days, any time in advanoe 

of the overflight. Their role will be to plan the operational aspects 
of the ground truth data collection and to obtain advanced field data for 
research purposes. This group would subsequently write and make available 
to the operational ground truth squad a manual of operations. 

3. Ground Truth Operational Sounds - A squad of 15-20 men, suitably equipped, 
will be needed for each geologic teat alts. Their time in the arse should 

be approximately two weeks, during which time they establish thenselves, support 
an aircraft overflight in preparation for the spacecraft overflight and finally 
support the spacecraft overflight. Their work will be laid out in prepared 
manuals which will beoams available prior to their departure from K9C or 
other base. 

4. Simultaneous Aircraft Overflights - In conjunction with the spacecraft 
flights there need to be aircraft operations to permit the build-up of 
remotely sensed data In three dimensional on tha ground, at aircraft alti- 
tudes, and at space altitudes. Simultaneous aircraft overflights are of prime 
importance in the early spacecraft missions to provide a standard of comparison 
of data, so that the quality cf the spaoe sensors can be more accurately 
gauged. Ideally, identical sensors would be on the aircraft end spacecraft, 

5. Bight to Tan Test Sites - Bight to ten teat sites should be sufficient 
to calibrate the sensors for a variety of geological features. The mjorlty 
should be in the faited States for reasons of soomony and efficiency, but 

a few will need to be outeide the coimtry to meet conditions which are not 
fowl within the ttiited States. The test sitae rinrmsweiflml here have been 
under consideration for more than a year, and appear to offer a most 
meaningful experiment calibration system. They are numbered in random 
order end no priority la intended by any of tha makers. 

5,1 McDonald Benge, Alice Springe, Australia. This la the looale 
of a great aaquanoe of aadimantary rook very singly arranged. Detailed 
geologic report# ere available end the area Is ideal for tbs i soil 

end vegetation anoountered. 
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Aleo the weather la meptla&elly favorable, with elcuda a rarity. 

5.2 Volcanos, Hawaii. Tho voloono ooomlox an tho island of 
fetall. na a t il l y tbs Nona Lo*'4£ttauoa ocenlaa U of osooolal Interest. 

Tho Obi tod States Voloeaologle fr/ aarator y baa aa eaetscoiv* baobgraaad 
of data, and could cooperate with tha gr?««d truth teens cad cqoads . 

ThU rtp r asante on outstanding opportunity to ooo vfcjt eta bo tooGopUahad 
by raeota resort Into# area of v^ioanoiogto study. 

5.3 Southern California, This wry lam toot site. eateating 
serosa tho aouthora nargin of OaliAsmi* includes a variety of diverse 
geologic and othor faaturaa. It la la an trot of low cloud sever which 
nkoa it a high latoraat el to for all eaasere. InoleM within thla toot 
alto arai (a) Metropolitan San Diego (grogranfcy). (b> intrusive l#t**ae 

BSSffK SSSfe •|.)^S%^JU3r8Wfc~». 

and oadlMBtary rooka (geology), (g) tha Colorado diver oa tee eeetesn 
boundary for oaaaor blaokbody calibration. the talflo Ocean off tho 
const la alae of latoraat to oceanographers and earves for blaokbody 
calibration. 

5*4 Smatmn-Javeaeae Volcano**, On Oealnl photography all of 
Java and aoat of Sunatra art obscured by clouds. Ttase island chains 
have a vertebrae of voloonoeo, easy of wfcleh art deeeifled ao "dangsrcte* 
to tha dense population, Thla would sate sa MPesdlagly flna alto for 
veloano study by tho cloud poaotnUng sanaorst MSsrswera and radar. Good 
gro u nd support la available locally. 

5.5 Yellowstone National Tub. Tha O.S. Oftological Survey boo had 
a progran of r o aaaroh going in thlo locality for saoy yrara and tao built 
up on lnpreosive nunbar of aasHeantbs of field and luSaoratory research 
affort. Thla body of data deserves to ba awpsrated by epeaeoraft data. 
Oloudo and tho biosphere ara likaly to ba daieterlote to a fow of tha 
minw. 


5.6 FlAAoatl Hill, Mraloe. Tblo circular, *&U-4taflwn feature 
Iwedlotaly couth of tho to&rlw* barter la of geologic taterawt ao an 
extensive 1m fiold. It la raadUy located by its pruf da ity to tha 
Gulf of California, and ohawad jp wall on Genial photo^og&y. 

5.7 dbaop Mountain, Honing. 4 a»a»!3M of faddod stiteflfttery 
rodeo In m a ple pattern, this braefcad hgnoftllan aast^a aa an o^oldont 
e truetwral target with a rids variety of ce&ESAtary soaks welch ora 
wll aoyoeed. Kaoh of tha bade gaolflgte mt In abway o®$hste for 
thlo target prodding oa aiodiont baoo to a^ply raaota snood tiatedgaeo. 

5.1 tofeteUaharo I Nwr lfar o, £?a«n. Thla 1» an area of teidad 
astdllo ere* and would serve to provide an eras of s tody vsgetatimi 

is not tease and wfcsra reek ao^auras era food. 4 bgt la 

aomcitlsQal fioology is aaaila&la for this bott dto. 




35 


HCP-r-- • J 


5*9 Oontlnontal Murgins. Oontlnontal aarglas should ba oerutlaload 
alwaya for peadbls water raao s - irons octorlng tho ooa 9 uawaSly doib&a 
by tosgwraturo oontraota and should appear on Infrarod and alarowufa 
radlcaatry data. 

Xu cloning, a tablo of ovonto Is sootolAtod for goolo«le graad truMu 
showing tha aosoanoa of cents a*stl and tho probable aaoont of 

Um required for aaoh event (Figure 19) . 


nan m «» n&xut. x£ HaSA&im 


t*j» of «* MtMBtl ehaagta for tha Bon^*»lsglo 

f*r the (wlocto «Mt tl^a, m n-e m mrA met tt* b&«la 
traih nclM. of tfc* paarlow m«Uaa b* foUoMd. 

W* «*»•% half but voa&r what )ml of iMolutlta U8I «ntla4*t«. 
MMiTtet at thla altttute with tfc* prMKit fKwntlaa af Muon. W* 
art *l*o If It *l*ht ba poooibl* to aebettOa a iraunto «t>o*atia. 

tertas tha 4eoajr phaM of tha adarioe «tea tha opaaoaraft «o«U ba 
orbltto. at 129-190 eju? 
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ST. 0. 8. Slaooett 
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iBtrodaatlaa 

The atmosphere la not a pressing problsa in the collection of radar data aa it 
la with other sensors. Air temperature la unlaportant, so are ground tempara- 
turaa except when dealing with froaen ground, snow and loe, for t&JLoh object 
temperature aiiniriein'r need to be obtained. A tno spheric particles (duet, 
water vapor, etc.) including clouds have virtually no of fact, nor la the level 
of natural background radiation of significance. 

ar, with X-band radar (wavelecgths of about 3 «■) li*»t to moderate rain- 
fall of the order of .2 ca per hour will produce attenuation In the range 1 to 
3 4b which la of the order of the inherent uncertainty even in fully calibrated 
systems. Finally, interference from giwod and airborne radars and aoea UHT and 
VHP lyitm may occur. Thue, with the exception of ohance ooourreocea of in ter - 
farenoe and for the relatively rare oeeaalona wben rainfall rataa exceed approx- 
iaataly 3 db attention, ground truth observations regarding the weather any 
be confined to brief visual reports of conditions. Data on attenuation by rain- 
fall s sky be obtained from Moore and Slmooetl (1967). 

In evaluating malti frequency, polypolariaed radar it la essential that both 
©artfully-oontrolled ground sites and extended sites be available. Detailed 
measurement* have been aada by Coagrlff , Pacha and Taylor (i960) and Peake* 
Rlegler, and Schults (1966) using truck-mounted radar equipment. These and 
similar studies by Lundien (1965) and others at the U.8. Waterways fxperlKeot 
Station, Vicksburg, Mississippi, are among the most carefully controlled studios 
concerning radar return froa crops and other materials. However, these measure- 
ments are essentially microscale, the illuminated area being only about a foot 
square. Rsace they are not necessarily rapraaentatlva of data obtained froa 
aircraft or orbital radars of vary different resolutions. Present studies at 
selected teat sites attempt to achieve comparable result o, but on a macro or 
aircraft scale, by considering the nature of the radar return in relatively 
large areas aa obtained with aircraft radars. As an example, the ground truth 
data collected at Garden City, Kansas (MASA-st* Teat Site Do. 76) way briefly 
be described through the factors which coat influence the radar returns* 

1. Surface roughness to the order of l/lO of the radar wavelength 

2. Geometry of the surface of the objects illwvinated 

3. Dielectric properties, including conductivity, p^caiUrUy, and resis- 
tivity of the illuminated surface 

4. Polarisation cfcaraetsrletles cf the surface 

5. Radar incidence angle on the surface being llluainated (focr this 
factor, it la vary important to acquire bora sigh ted oblique anVcr vartioal 



••rial P*»to*r«pfc oooourrratl/ with Ua rater data) 

Surfaoaa with a romtaaaa laas than 1/10 aC tha rater waalaaath all. 

appaa* aaocth (4a* araa. « poaltlra Ira^ry) 

8o««rar, auoh anrfaaaa ara ralatlralp rant for Mat rater franiimlaa 
rapraraatad oolp by placid raUr or 
of fntlt Blap*9 (u at tha agricultural tart site at (kite City) w* 
aajr aoUolpata that tha aoll aurfaoa and plant itoantiTum -Mri’hrt. 
•ubatantlally to dtfTaraaoaa la radar ratS? **“ 8 ® trlb “ U 

Pthar factor* affaotlaf radar re torn, aooh aa aorfaoa panatratloa «~i 
^ d * r po f*f 1 “ t }* not pat fully uadaratood and araoaatrlbotlAr 

U°«M^ UtU. wU-mirfac.7~tr.tlra 

la achieved nth high frequency radar auoh aa K-baad radar. 

Variation 1° tho alaetrloal prop.ni.. of lnac*l objaot. auoh aa dlalaotrlo 
oonatant, oonductlrlty, ate., uUl alao affaot tha ratora alynal atranath. 
Although a smooth water aurfaoa tends to tot u a aoannlar 

“*•»». rcu*rar laS^a iurtTSa'aoUt 
(auoh a a aolla which hsve teen reoently wetted by irrigation) aar world* 
a stronger return than adjacent dry aolla if all ottaarthii** m ua^ncad 
Thl. otrongmr roturn It thnomtioally attrlbutahla to dlff^Mcw 

ray.ggsru“aas: s S’SJu'vs- «sra» 

SStS“«S^2T„-LS2» SXS.V- 

Rater al«nal lnoldonoa mil and loofc-dlraotlon ara otter rariaklaa 


_ . .. -f —, ■ Bater/Urlohltora . “rnnoMiit. 

JJJ * v 0 *?,*”*^* of >lCT »-romteaaa, Prop famttrr. wd dliiloctrlc oonatant 
la agrlonlttaal oropa ara lnfaaalhlo In our praaaat atata of MdwatMilaa 
It la naoaaa ary, tterafora, to aaloot aaaauraa which ara both ralatad to or 
tea partial ourreato. for tte aotral para.at.ra which la^mlte «S^ 

3. Method of lead preparation*, including oloddlnece, row directions. 


etc 

4. Percent of grotad cov er ed by vegetation. 

Incidence angle. 

The relative lapartuaoe of each of the ealaoted naranetere , 
atatlatioally determined through an analyoic of oo-varlaaoe 


at the radar 


mj then bo 
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Tb simplify tho analysis of the affect of only theee selected variable# 
on radar return signal etrongth 9 it haa bow desirable to reduoo oerteln 
VBDOooocarily complicating factor* for tho early studies. This tea been 
accomplished by selection of a toot alto which m* n im\m+A ao U typo 
differencoo end effect* of slope, and mart ml sen tho range of other 
▼aria bias. Such la tte case of the agricultural test silo at Garden City, 
Kansas, la this area there are over 400 fields for Which data are 
collected at tte time cf radar overflights. Tte area was chosen because 
fields are generally large, slopes are extremely gentle, soils are uniform, 
both dryland tad Irrigated cropping is practiced, and there la some 
diversity of crop type*, agricultural techniques, and moisture conditions. 


Other sites chose n by the university of Kansas to yrovida additional 
•nviruameatal data Include (all data collected by CKES personnel) t 

1. Horsefly Mow tain, Oregon (VASA-MBC Test Site No. 139) - This 
test site ehoeen la order to examine forestry and natural vegetation 
conditions. Landfona (geonerphlo) analysis also important. 

2. Lawrence, Kansas (BA&UKSC Test Site No. S3) - Chosen because 
of Its proximity to tte ttolverelty of Kansas. This site includes 
examination of urban and rural sett I am ant patterns, agricultural, and 
broadlaaf woodland conditions. A geology subsite is located near 
Lyrrenoe. Tte geology subsite has been mapped In detail by the Ken s*s 
Geological Surrey both for the geology and for verier* environmental 
factors (toils, vegetation, land~u*e, etc.) 

3. Wichita, Kansas Soil Strip (Xl£t4SC Test Site Vo. 35) - Chosen 
because it is an araa of diverse soil types and Is covered with a number 
of recent toll surveys. 

around truth of these sites consists simply of documenting tte cultural 
and natural late' -use pattern*. In sc*e oases radar comer reflector* 
would be valuable as markers to establish key locations, ate la ualqutly 
flat areas or recently ploughed fields stereo ground photographs or 
micmrelief profile* my be obtained (the latter with a simple profile 
esmuler). 

Ground truth cur rent ly collected at Garden City, Kansas (VA3A-K9C Test 
Site Vo. 76) by CRK3 personnel i 

1. tepr of field boundaries have been nade from A3C3 li 20,000 eoale 
aerial photos. These field maps have been checked In tte field and 
modified to fit current conditions. 

2. All field date is plotted on the field maps. 

a. All field date is collected cm either side cf three V-3 
oouaty roads Located cc* idle apart, tte length of each of tha three 
test stripe la 16 milam. An additional flight line la located 
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to the f-S rood*. A short flight lino loo* tad over the nain non r 
of ttoo Garten City, fanM lfanlcipal Airport provides calibration 
tetn for the soatteroneter. 


_ - **5*2 **P° **©o=*d«d| It# height sc&surad tod noted. 

Tba height recorded la an overage of at laaat tfcrea independent 
ttta recorded at laaat 60 foot froa tha adjacent roadway. 


mm, , ?; ground mwmI by vegetation la eatlaatod and noted, 

visual aatiaatlon of percent ground ooreraga la baaed on prerloui 

i«*ol*nd taking 33aa ground photography of crepe in each 
field during aararal RASA sponsored site-looking radar (SLR) alaaloa*. 

sn>wid *****&**** takan of the crop in 
each field with the oa&srm elevated about twelve faat and at tha 

eaae angle aa tha naan incident radar bean. A grid was than pieced over 
the reeultant enlarged photography end percent of grand c o ver e d waa 
calculated. After a large file of photograph* representing Mall 
incraaantal etepa in percent cover of various crop# was obtained, the 
photographs were taken Into the field during later Missions end 
ectiantee encore to to a few percent could readily be wide. 


d. Average crop aoirture percent la calculated for the crop 
in each field. The procedure for obtaining this lnfoxmtlon is ae 
follcvet 


(1) Scrghtaii Ten or sure leave# readonly cel acted fron 
several plant# are taken, eloeg with a sorghua hp-*d end portion of a 

8 talk. All saoplea art placed in a single plastic bag and sealed, and 
the saaple location noted. 

(2) Corn* The stapling procedure la stellar to that of 
sorghua - ears and taaeola are stapled if the crop ie at that stage 

ffC * 


(3) 3'gar Beets* This plant la essentially leaf and root. 

Saaplee of ten or acre leaves In tha early stages of growth, and five 

or six at Maturity are readonly taken and Included a a one ar^ple for that 
field. The aenplee are sealed in a plastic beg. 

(4) Wheat, Gudcngrtiea and Alfalfas ApproKtaately tea 

mode* outtingj of these are taken. If wheat and Sutengrass are beaded, several 
heads are included with tha stalks. All are reeled in a plastic hag. 

(3) Pasture, stubble, or veedaj Bwprenentetlre *a*x » ?*s of 
^lhetTfield* OOV *** *** ***** for mah fUld ** es e feingle seaple 

e. All seaplea are collected at least 60 feet into the field to 
eliminate extraneous effects on the field Margins or near tha road. If 
fields of crop a Are at least 33% weeTy, representative n£ t b* weeds 


aoi in the crop aanple. The percent of Moisture 

to each aopl* la oalculated at the bMU State Onlverelty igricultarel 
ffwrloantStatloo at Garden City by cwan-drylsg the aaaples and using 
the following foraula to obtain a percentage t 

Wt WUfrtr - Wfktt * 100 » Ml 
wet weight 

f. Soil Maples are taken of nearly all bare fields end 
in nost fields taster the crops. Standard eoU seafOing t 

filled, oot paoked. with .oil Utoo at tha .^fac. (0 

Sis ss 

tSo U achieved, baoce, aoUtore dele bee been ll^ted w tha ran«a 
C la. to about 3 1/2 lncbee. Bowever, vh«J 

euceesefully acqulr. data at Cardan City, It 1. antici pated thet aoll 
MlaWie data vlll ba acq aired at thr«s-lneh lncxaaanta uo to 12 1/2 
in chee. 

Oran dry weight me datura ln«l by placing tha aoll 

at a tSroeratore of 105®C <»tU they loat no ware water, k roll** trie 
w&avlmtt ie used to establish a ms# sure of soil Moisture, since a 

by walfhtv.ru. ^ tha ^d^ ty^tha 
soil varies. The voIums of the cane used era 475 oe, «<* th * fomuU for 
caeputing the roltnstric Measure* of percent aoistur* Ui 


mViriift* - to T ioo*w% 

47-5 cc 

g. Additional field date era noted such as; 


(1) Stage of crop growth (Maturity) . .. 

(2) State of the crop (parched, diseased, weedy, well- 

cultivated, or nan-irrigated (with Approximate irrigation 

date of recently-irrigated fields) 

(4) Crop row direction 

(5) Other olgnif leant lin^ticna 

(6) Cloidinose of the surface, estimated end photographed 
for establishing subsets of clcddineesa 




sr,^r. 

k 20-feat contour Interval U barely «cca|rt»hU. 


a»rf» EccebreM - Ta general, avaraga rongfcaaaa loea thaa */W 0/10 
Sara algaiflont U afT<«tlr« tba radar rtm. 
graater^thaa thU affaot. the acattariag o f ^ 

^ the tt^nltude of the return eigoel, depending cn the decree or 
0 ?£ 33 elsfttlcsi of this mugbjwiao. 
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The radar wavelengths which ere being or will be used in our stalls* 
are given below. 

Wrlght-Patterson 
(Avionics Aircraft) 

Naval Research 
Laboratory 

NASA-M3C 
NASA-KSC 

Extremely rough surfaces, preset ting winy faces to the transmitted pulse 
within the confines of a single range resolution patch, act in some 
degree (weak or strong) as Lambert Lav scatterers. However, to our 
knowledge, only dense evergreen forests act as strong Lambert Lav scatterers, 
though gravel bajadas and aa lava at Pisgah Crater, California approach this. 
Host surfaces, it will be appreciated, are essentially rough surfaces for 
the short-wavelength systems. Evan a pond lightly stirred by the breeze 
is rough. An absolutely still pend at dawn may be smooth enoi^h to be a 
specular reflector to all frequencies normally in use. 

Requirements - In areas which are totally or almost completely vegetation 
free, oblique and vertical ground stereo photographs stould be obtained 
which indicate the nature of the micro-relief. Scales should be incluieC 
on all photographs. In addition random microrelief profiles using a 
device comparable to that used by Dr. Timothy Whitten and associates or 
that by Dr. L. F. Dellwlg of the Uhlversity of Kansas should be used. 

The Dellwig device is designed so that microreliaf at lea intervals my 
be obtained at a series of randomly designated sites on each lithology. 

The bases for randomisation should follow standard statistical design, 
of the type employed by Dr. Timothy Whitten at Pisgah Crater. 

The operation of the Prof 11 aoe ter is simple. It is loosened over the 
sample site. Thin metal rods drop and make contact with the ground. 

All are then clamped with butterfly nuts at both ends, laid flat on white 
paper and the ends lightly sprayed with spray paint to give a microrelief 
shadow. The shadow is then a permanent record of the microrelief at the 
given site. 


Prof ilome ters may be made also with 0.5cm centers as well as 1.0cm centers 
for the thin (1.5w» diameter) rods. Otar present PTofilmeter is on lorn 
centers. Our next one would be on 0.5cm oenters and vs recommend the closer 
spaoing as giving a better control on microrelief. 


The micro-roughness problem is ^eHIrg^y difficult to handle in tte 
field. Our solution, of using stereo ground photographs (with seals), 
together with the Prof Home ter, falls far short of the requirmmnte for 
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proper theoretical treatment of the data. It is a counsel of desperation, 
qptf the ideal. However, ve cannot ask geologists to obtain measurements 
of microrelief accurate to 1mm on W-2 coordinates over listen oss of 
meters in tbs field. 


Ground vertical and ground oblique photographs should be taken where 
any vegetation occurs so that as estimate of the total percent of ground 
cover may be made. Oblique photographs should be taken at an angle 
of 45° if possible as in the photography below. Color slides or Polaroids 
are appropriate to accompany black and white (35mm). It Is most important 
timt a copy of tim best available reoent air photos accompany the 
geologic map when sent to other investigators. 

Structural Characteristics - A geologic map with structural symbols is essential 
background Information as arc geologic cross-sections . Sub- surface contour 
asps as a geologist ordinarily thinks of them are unnecessary, though materials 
very shallowly buried (a foot or so) may oe sampled by shallow augering. 

If isopach nape are required by other investigators ve would not ignore them, 
for we can —hi use of them. More desirable would be a measured section. 

Since much of our interpretation will hinge on the quality of the geologic 
mapping it ie essential that the beat talent available be used for field 
sapping and reporting. 


\jaaSbttai tec u. iamsmiteal ChMocterlatlte - It Is appropriate to 
delineate the thickness and extent of an overburden and to note the 
composition of soil types found in an area as part of the normal routine 
of geologic mapping. No special effort at accurate measurements of 
depths, etc., need be made. 

If field study coincides with the time of a radar flight, the moisture 
content In the surface half- inch and the layer 3 to 3 1/2 inches from the 
surface should be determined on a percent by VPLPHE (NOT by weight) basis 
at least in random triplicate for each soil, typo. If no radar flight 
occurs this Information mj be ignored. Where information ie available 
an tha clay alnsrology this will be valuable but is not essential. The 
texture of the soil a a given by percent sand, silt and clay would be 
dee Ira hie but is not vital. A normal soil field texture determination 
(e.g. silty olay loam) is adequate. The direction and angle of slope 
at any point sampled should be noted together with notes on superficial 
coverings of alien material (i.e., sand etc.). 


IWrrtWH ^ U collated st . rwter 

flight tb» pnm« and d*pth of dry or wst now should bo noted. Th. 

— trrrt o£ the snow at the time of the study ohould be obtained. ( 
penetrates cry rrow very well.) 


Vegetation - The type, else, life -form, height, and life-stage should be 
noted even when vegetation Is very sparer- Evan our so-called lunar 
analogs on earth mifTH WHf vegetation rw*. With high resolution 



a on of ths effects of vegetation can be filtered out, but inspection of 
grouDd photograph* of Plsgah Crater, for example, shows r— 11 vegetation 
of sprawling habit which will ba included willy-nilly with rooks with 
most sensors , including rad^r. 

UttWlMlg flttnrttrifttM - CknU»L USUgUti - »otM on th. dnaaltgr, 
porosity, permeability ana texture, sad prafarrad orientation of grains, 
Jointing, shattering, are appropriate. If the rocks are fraa of 
vagatation and tbs overburden la lacs than 6 ire has thick, a full 
megasooplo daoorlptlon should ba mads. It is assumed that a suits of 
rocks will ba coll sc tad for la tar study, and that datailad laboratory 
study will ba carrisd out as proven necessary. 

Scats of tha radar systems we are studying tmve the proparty of recording 
polarised and cross-polar isad return signals. Polarisation and cross- 
polarisation nay ba sensitive to anlstropy in minerals, layering in rocks, 
slikensliding, ate., as wall as being sensitive to tha direction of a 
dielectric slab (such se trees versus s sprawling crop). 

Dielectric Properties - Permittivity and conductivity both affect the 
radar return signal. Permittivity is dependent at least in part on 
transmitted wavelength end strongly influences the reflecting properties 
of a surface in tha wavelengths we are using. Conductivity in these 
save frequencies affects mostly attenuation of the signal. 

Permittivity and conductivity art closely related to the contained water 
content of rooks and their mineralogy. Published values of the dielectric 
for rooks indicate much overlap within the igneous and metosorphio groups 
and even some sedimentaries overlap the farmer in value. 

However, as a general rule sedimentary rocks have higher conductivity 
than low-water igneous types, usually well outside the extreme range 
of the latter. It is worth noting also, that mroh of the variation ii 
dielectric within a single igneous rook type probably relates substantially 
to slight variations in contained (Including tsllurio) water. 

In short, differenoes in dlalvotrlc properties are not likely to be a 
reasonable basis for specifically distinguishing between say, aa or pstochoe 
lavas with radar. Their variations mj be slgnifleant at ££g§ wavelength*. 

If data 1* being collected at the time of a radar flight it would be 
appropriate t * ? field geologist* to obtain in triplicate on each lithology 
acme conductivity measurements for the surface rock or eoll, following a 
standard procedure. At other times Judgement should be used. At Pisgah 
Crater, for example, to determine conductivity soon after a rain would 
be a waste of time. 

Permittivity cannot reasonably be determined in the field and 1* exceedingly 
difficult on soils. Consequently only solid rock samples 6" i 2" I 2" 
should be collected and packed in pleetlo bags in air-tight metal beams 
for laboratory dielectric measurements. * 
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Laboratory dl.Uotrlc -..ur-rent. ara not rad. as « routine ..rale 
(tith appropriate foe ) by any Individual or agracy *a yet. 

_ iih*de - We would like information on albedo 

2 SSiS, r«S’;^ u 

lunar relations. 

SEra^WwiniUt. data. Prior to the ala.lon, a acting -as hold 

^T-utu.h -on* of 

— «t* are required for JSd^ep— d and direction hindcasting 

i . J Pl.reon of S«v lorTtMlrarelty Is appropriate for 
VZ^^STaU. -Hlndcaetlng- giro, .atlratw of aw. 
dori^accmicy and repaatlblllty for soattoronetor/ora- 
^tTe^ri^ta. Hoaxer, ndoqoat. hlndcaetlng d^.nd. on Input, fraa 
■any vessels at sea. 

Suggested alternatives for the inputs are: 

. ul,, staff measurement* such as those at Argus Island, Bermuda. 

Th. ware continue recording typ. or visual obaor- 

j rations could bo noted during tha tin. of a aisalco. 

o ShiDbome wave height recordings eitner of the continual recording 
. I’ observer. Ship location would bo preferably at 

variety or by a trained ooservv. *' aionw the wind fetch. 

«nd of flight line but if cot feasible, soaewbere along 

■rs— s “«rj yar 

MMOtwi In th. M3A-JOC P3 t th. piSllw mat bo different than that of 
i scatterometers. Frequency oT pro (interference). Profilers cannot 

M’SrClL — e-— 

. winds and eeao, because of safety considerations. 

i the ocean is continually moving the maximum cycle tlsss 

i* tTS on the order of 4 seconds (i.e., 

for stereo P^^grephy ^uldnjed to ce^ ^ ^ br **k *o that 

’ * tw'iblrefph^ tl^n oo.v thin 3 or 4 •»***• apart uould not lndloat. 
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th e t rum geometries of the waves) , For in ordinary Metric napping case re 
with a 6- inch lane and 60% overlap, cycle times on this order of magnitude 
would be most difficult to achieve unless the aircraft flew at very low 
altitudes (approximately 1030 feet) . At this low altitude in high winds 
and seas the soattarometer data is degraded end severe turbulenoe would 
partially or fully exceed the stabilisation limits of tfca camera system; 
hence, distortion problems. Such distortions are expulsive to ram ose 
during photogrameetric processing, but the resulting processed photograph 
is of questionable value without it. Then there would be the question of 
time and ar^ey involved with transforming and stereo plotting a large 
mesa of stereo photo date, almost regardless of altitude. 

Another factor should be oonsldered in regard to stereo ptoto acquisition, 
Scatterometar/sea-state data acquisition experiments are designed to fly 
at the highest altitudes practical for the aircraft involved in order to 
average over a large enough area to encompass the full spectra of the 
waves. This means aircraft altitudes, according to present XSC aircraft 
cap ill ties, in the range 12,000 - 35,000 feet. At these altitudes it 
is almost certain that underoast conditions would prohibit acquisition 
of stereo-photography. And the cycle rates are prohibitive. 

Bi-static or side-lap stereo photos in which two aircraft, each carrying 
a single mapping camera and flying side-by-side could provide the necessary 
stereo photos. The ramifications of mission planning in this regard are 
almost without end. 

In summary, there la no single simple accurate solution to obtaining 
ground truth for the wave spectra of the ocean. Any decision la a 
compromise and the location of the site in relation to available ASWKPS 
and NASA aircraft, shipping lanes and so on are factors to be considered. 

fgr Sea or Lake Ice Studies - The following data le required 
to support either imaging or scatterometer studies: 

1 • Vertical pan minus blue air photography, 60% and lap 

2. Ice and snow temperature measurements at several depths 
(surface, 1 foot, 2 feet, etc.) 

3. Ice and enow contained moisture measurements at depths 

4- Borings to determine depth of lco and snow. For scatter one ter 
studies at laaet three borings should be made in each ice type 
studied, preferably up to 10 borings in eech Ice type. 

around Truth for 3oc. D— th Studio w<th R.^- . Th. following data 1. inquired 
to support enow depth sod moisture content studies with multi -frequency multi- 
polarisation radar scatterometer and Ima gin g systems: 

1. Vertical pen minus blue air photography, 60% end lap 

2. Snow moisture content temperature, and depth measurements et 
depths cf 0-, 6", 12% 18*, 24" , 36", 48", 60* etc. 

Where feasible multi-frequency transponder systems may be employed 
in some cases et remote sites. However, such a system le warranted 
only for experimental evaluation of snow depth penetration. 


3. 
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H. j» lotfcp J - B - 

frrtv^^nhy 

O.s. Naval Oceenc graphic Office 


tk«. i {MQfW « the otatua and requirements for oceaoofrtjWc tnet 

•lt«a iS^iTad in the Spacecraft Oceanographic Project, United tatea 
Oceanographic Office, 

- r ^ n „ n _ e- ^th the NASA larth Feeourcee Surrey Program Plan, a wies 

s.T"ss srsi “as. * 2. «— >•-—• 

Program* 

S& 7 ar*l Mt .it.. h.T. b«n «X«Ud £" 

Soib^ti^aitea‘ ( (2) overflight aitea, (3) special porpoaa aitea. 

(D Cation Sit.. - SH.. 

u« TW prortd. -*« W «"**— ■ tU 

aenaor teat facllitiea. 

»*sas.sss 

« cocildcT*! *AUhl» fa r T) ZevUlv* (B.raud.) » 

sas ws" 

Urge anw»t of oceanographic date. 

S?hlSt5TiCul/oU»UC dtt. Of »tU. t*J>. «T. M»lUbI.. 


A larger number of oceanographic overflight oltea here been aelected 
by RAVOCRaVO to extend tha aenaor feasibility investigations to a 
greator variety of ocesnograoMe conditions. Overflight aitea aelected 
to data aret (a) Oooaa Bay (Labrador), (bl Columbia Mvsr Neath (Oregon), 
(c) Niaaiaaippi Delta Region (Louiaiana), (d) Florida Strait# (Florida) , 

(•) *"F Acre (31*-3** and 71-72®!#) , (f) Gulf Stream (off Rova Seotiaf, 

(g) Grand Banka (off Newfoundland) , and (h) Baffin Bay (vest of Greenland). 
For tha overflight aitea, eurfaoe data aoqoleltlai ia arrayed with 
oceanographic *hlpe~of -opportunity operating in tha area and of 

being correlated with the planned aircraft or spacecraft overflight. 

(3) Special Purpose Sites — Sites which contain one particular 
fee tore, usually in a remote area. 


The ava liability of concurrent surface data ia improbable over the Special 
Purpose Sitae, mod interpretative techniques are the primary swans of 
evaluating tha data. Little or no hietoriaal/olimtic data is available. 
These aitea are selected as required or determined as the opporUmity 
arises to coordinate aircraft flights over particular dynamic oceanographic 
feature# ouch as various sea state conditions. 


Because of tha maoeaaary requirement of relating eurfaoe parameter* to 
remote aenaor "signatures” calibration alt# functions will be tha basic 
oontant of this report. 


The eurfaoe equipment reooamanded for export of various area# of Investiga- 
tion ia cutlined in Table 1 for each of the Calibration Sites. Calibration 
Site descriptions, functions, end requirements are dlsouseed below. 


21fr..P9f9rtgUpflf 

AffW Iffllfid (frCTMfol - Argue Island la e Texas tower -typo structure. 

The tower is located approximately 22 miles southwest of Bermuda atop 
Plan tenant Bask, which 1# a large soa mount to tha southwest of tbs Berada 
1 elands. This ooeanographio platform baa been need by tha U.S. Koval 
Oceanographic Office since lata 1961 for data collection and lnstrowntatloa 
development purposes. 

An area arotnd the tower has been designated as oms of tha fwtdamantml 
test sites for testing remote sensing Instruments for tbs purpose of 
determining their applicability in measuring and investigating grose ocean- 
ogrt’phie parameters from overflying aircraft. Tha pam»ter# which have 
beeo and can be Investigated at Argus Island art ttnes which are directly 
or Indirectly related to the following areas of interests 

1. flea state 

2. Surface temperature 

3. ?o Iconic activity 

4. Air- see interaction 

Beeacvc of the water depths present, deep water wave calibration# «a bs 
performed at Argus Island with comparative earns. Considerable wave Might/ 
tidal /'power aneotrsm date has been collected at this site. The aits, however. 
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looks far tba ■oat part, the vide variety of eaa-state conditions desired 
far a aara extensive a en fl or evaluation mxh as sight be obtained over 
the rougher Berth Atlantic we tore* The Argos Island site provides eon- 
state conditions, primarily wells, ranging froo law to aoderata. Tbe 
site also offers suitable tanperature variation* for calibration as the 
waters pom across the shoal*. The deeper polder waters, during such 
passage, are forood up and six across the bank to prassnt a cold, area 
anomaly ideal for surface tanperature calibre t ion o. Tho utility of the 
■It e for Investigation of volcanic activity by the remote sensor lo 
questionable* The area hoe been quiescent for a long period of tine end 
both leaps rs tore anaaollee end out-gassing traces are not anticipated 
for future calibration overflights. 


nraiw items hot ■ttvnwm nate 

Tbe types of equipment currently available end utilised at Argus Island 
for purposes of the reacts seneor calibration program are outlined 

k«1 


Iaotrimemt 

Eiatt ahMurai 

1. Wove staff 

Vovas 

2. Anemoaetar 

Wind speed end direction 

3. Thermistor 

Sea and air temperature 

4* Tide gauge 

Tides 

5. Current ester 

Current speed 

6. Current direction sensor 

Currant direction 

7. Eppley Pyrhelioaetere 

8. Thorn tfaual to net 

Solar radiation 

radicaster 

Met total radiation 

9. Data acquisition system 

- 

10. Hurricane recording 

1 

system 

- ■ 


In addition to the above principal inatruaeats, the cite can prt/vlde: 
(a) a gravity actor, (b) depth sounder, (c) buoy markers, end (d) dye 
workers. A significant addition to the listed equipments is a flux 
water which oan eaks ■easuranante to dsteradiw tbe exchange of energy 
between the sir end sea due to vindflelds* Coordination between ground 
and aircraft p er so nn e l is p rovided by a ground-air radio coBenmicatlan 
eystea at the Tower. 

The following ere dots presently available at Argus I sland t 

1. Km height neaeureaente 

2. Current eeasurvoanto 

3. Tidal ranges 

4* Wind speed end direction 

5. Sea and air temperatures 

6* Solar radiation 

7* Magnetic intensity 
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Pt- Barra*. Alaaka - This site offers an optima location for the 
calibration study of airborne In stru me n tation directed toward sanely 
and napping sea-lee distributions end associated surface characteristics. 

In addition to the vide variety of lec^nter/snow land Interfaces, that 
ore present in this ores, considerable sciantific/techaical/labor personnel 
as wall as facilities are provided by the Arctic Researoh Laboratory (AHL) 
under centred with the Office of Bawd Researoh (QBR). 

Two general anas of investigation ore considered at this site* Those ares 


about the Laboratory which Is Located at 71® 20 1 V Let., end 15? 46* 
V. Long*, (b) a narrow strip of 30-60 alias long fraa Pt. Barrow at a 
course of 015° true, (o) an equivalent strip at 315° true, and (d) the 
floating loo-island, T-3 (Fletcher's Island). 


The geographies 
and (b) above. 


areas established far these investigations x*a (a) 


Bftvearefa Facilities - Scientific, tec h nolog ica l, and labor support for 
Arctic research Is provided by AHL., The Laboratory is Located about 
four alios north of Barrow, Alaska, and about six wiles south of Pt. 

Burrow. 

Tbe principal rule of AHL lo to provide all facilities and services for 
researoh In scientific fields related to the Arctic anvlronsant, This 
Includes both support of laboratory a todies per go end logistic services 
to field parties. 

At eea, AHL operates ace major drifting research stations Fletcher's Ioe 
Island, or 7-3. On the Island arc euplaced saal-peraanact, well-equipped 
laboratory and housing facilities, end ad airstrip, upon which landings 
nay be Beds yeer-aramd, weather permitting. Tbs statics is *-rmmA 
continuously. 

3eriroa Arep - This Southern California site off era a large variety of 
oceanographic conditions, facilities, and favorable weather conditions 
for evaluating the airborne (and apaceboree) reaoto sensors. 

The calibration site enoempassas an extended area which lactates specific 
locations for site calibration efforts. Tho calibration areas that are 
Inotatsd In this site aret 

a. The near-shore area extending narUat&rd seas ten alias or so 
p ar allel to ths coastline fraa the Koval Electronics Laboratory Tower off 
MUsolon Beac h to tbs Serippe Beach area north of Pt. LeJollo. Thi* inel atea 
both shallow end fairly deep waters. The following axpaa laratal areas are 
applicable to this areas 
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1, Surface Temperature Measuremect 

2. Location end Mapping of Longshore Currents 
Shoreline and Beech Studies 

4. Bolton Detection by Wave Refraction end Color Tones 

5. Laser Altimetry Calibration 

b. An area which le sane 30-100 mile* off- shore, lying east of 
San Clanente Island and south of Santa Catalina Island. This area la 
suitable study in the following anas* 

1. Surface Temperature Measurement Involving the Japan Current 

2. Biological Studies 

The off -shore waters and ooaotel beaches of this area have been the object 
of intensive research far fifty years. The 3cripps Institution Maintains 
continuous observations of mmxsj types, including tides, water temperatures, 
salinity, and weather, and has the capacity to undertake comprehensive 
inshore and beach surveys when desirable. 

The site is optimal/ situated to provide the maximum control (ground 
truth) In oceanographic and littoral prooesces. The large scale features, 
es coastal embaymants and a heed] and such as Pt. LaJoULa might provide 
readily identifiable landmarks at orbital altitudes. 

The Seripps area site offers a large number of facilities for the 
acquisition of ground truth data. Including the Oceanographic Data 
Archive (approximately 500,000 BT observations) , a 1000' x 20' pier, a 
number of research vessels, and smeller boats. 

Some of the significant data available at this site are the following s 

Scrim* Pl*f 

Tidal variations 
Tempe r ature 
surface 
bottom 

ba tbythermograph 

duel -wavelength IR radiometry (3.5 - 4.5 microns; 2.0 - 2.4 
microns) 

Salinity 

surface 

bottom 

Air temperature 

Vet and dry bulb thermometer readings 
Maximum and minimum daily temperature readings 
Wind velocity and direction 
Multiple bathythermograph readings 
- Coi»t.lmv>ue wave recording for short periods of time 
Inshore bathymetry end beach surveys 




97 


toy JacctTOfllns Laboratory Oceanographic owff 

Wind direction end velocity 
Water tsmperature 
surface 
bottom 

bathythermograph 
Water acoustical properties 
Tide measurements 

Por the deeper water areas off San Clemente, the r »«earch vessel facilities 
era exemplified by the Ellen B. Seripps. Some of the equipment onboard for 
ground tvuth measurements Include: 

Hi-tech. STD 

8-1** micron radiometer on prow of boat 
Slagle element towed thermistor 

Anemometer 

Phyechrometer 

Ship-air communications (4415.8 kc) 

Sito Requirements 


IreuM Ialend Slt^ 

frfofcffVflBMffitr - The primary surface measurements required for sea state 
measurement are wave height and tidal range measurements, wind speed and direc- 
tion, surface photography and surface current flow. 

The wave height and tidal range measurements at the surface can he satisfactorily 
made by instnraents available at the site with the possible exception of a 
radar to perfore scat terrome try measurements, albeit at low gazing angles. 

The Navy boat (MAC III) , manned by technicians, is aval lsbla to obtain data 
over any greater area or deeper waters near the aits; it Is noted that a ahip- 
board wars staff can be available which has an accuracy of about ± 6 Inches; 
the method of adequately recording data from this mobile installation reeds 
further determination. 

The anemometer installation at the Tower is sufficient for wind and direction 
measurement. In anticipation of future requests by investigators for a more 
extensive gathering of local wind data, several secondary sources of meteoro- 
logical data can be made available . first, data from the weather station at 
Einlev APB can be obtained despite the relatively long distance from Argus 
( approximately 40 miles). Second, a shipboard mount on the MAC III can be 
used to make measurement# about the I aland j this requiree procurement of a 
portable anemometer for shipboard use. Third, e sparse array of moored, 
telemetering buoys could perfbrm such measurement at, say, three to five 
different locations about the site waters with recording oompleted at the Tower. 




Soso fora of surf ace- baaed photography la poaalbla to correlate with tha 
airborne sensors. A 35an notion or small, band-held f ranine camera, while 
doomed to hare a mediae significance factor In thia calibration, could 
provide imagery to supplement tha visual observations expected to be recorded 
In the surface logbook which should be maintained throughout the calibration 
effort. 

The measurement of surface current flow is included, primarily because of 
its availability at the site, but its value to the sea-state calibration 
remains to be clearly determined. 

Surface TA TO*fT*tura Measurements - Argus Island offers soma useful surfaco 
temperature distributions for calibration and evaluation for seme of the 
remote sensors considered by the Project. Surface measurement requirements 
include reflectivity end emieeivlty, wind spend and direction measurements, 
surface temperature, currant speed and direction, sir temperature and relative 
hiaddity measurements. 

The surface calibration measurements emphasize obtaining atmospheric conditions. 
Air temperature and humidity measurements at low level can be adequately handled 
by the equipment installed at the Tower; this can be supplemented by data taken 
by the weather station at Kinlay AFB, seme 40 alias away. In addition, a 
hygrometer is available onboard the NASA P3A which, by making level runs at 
various fixed altitudes supplies vertical distribution data on sir temperature, 
water vapor and liquid moisture content. The Manned Spacecraft Center at 
Houston (per L. Childa/fa. Toy) may be able to offer the use of radiosondes 
dropped from ths P3A. Two types are being investigated: (a) a small radiosonde 

which provides temperature profiles by telemetry to the aircraft and (b) a larger 
radiosonde which telemeters both temperature and pressure during descent and 
after surface contact releases s thermistor giving water t superstore data that 
is telemetered to the aircraft; the latter offer considerable more needed data, 
and is preferred. 

A significant calibration measurement that is extramely complex is that of 
amiesivity/rsf lectivity of tha perturbed ocean surfaces, as it applies to both 
ths remote sensing infrared end passive microwave equipments. The smooth surface 
csss which can be mors easily handled is not too informative. For this reason, 
a broad band IR radiometer with appropriate filters mounted on ths Tower is 
suggested as s useful pises of surfaos equipment which may be utilised. An 
equivalent Tower mount of a passive microwave radiometer should be noted that 
at the short ranges involved, the errors introduced by slide-lobes may be 
extremely troublesome in data interpretation. 

An interesting surface technique for helping evaluate passive microwave equip- 
ments would utilise eome floating reflector sheets on relatively smooth water. 

The metal reflector with its microwave emiseirity close to aero essentially 
casks any thermal contribution beneath it and the observed anomaly may serve 
as a cold landmark calibration reference during overflight. At 1000-foot 
altitudes, the airborne passive microwave equipments can resolve lees than a 
17-foot patch. This technique does not lend itself to source depth measurement 
because of ths small penstratior. at ths X and K bands involved. 
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With the use of the M4C III (end a technician), surface testterature 
measurements sway from the Tower and especially over the shoal where 
the deeper colder waters come up and mix can be made; a simple res is tan oe 
or expansion thermometer would be used. Additionally, the boat crew 
oould use tha bucket approach to obtain water sables which might show 

oth * r prop,rU ~ * ff * otln * -“wXn*. 

IflfaTWUflttP - ***• ®to?y of sir-sea interactions at Argus 

Surfac 

requirements for this study are sea temperature profile measurements 
airj^rmtura and humidity profiles, wind speed and direction, current 
•peed and direction, wave heights, solar influ* measurements IR surface 
temperatures, and surface volatile#. ' 

Associated with surface measurements is the need for weather charts 
and other meteorological records to provide interfaces between the 

vhioh preceded and followed each overflight period; hourly reoords of 
suoh data are indicated. It is noted that air-sea Interaction inves- 
tigation#, as in many of tha others discussed in this report reouire 
s urfaoesn vlrormental information suoh as saa temperature profiles, 

t4 T*5 atur#a » curr#nt speeds, etc., which m ameiabls 

a^rtkattco* which allow a militlo daaorlp- 
^”.2* »lta araaa. Slno. tha Argu* alt. la rafflolsntljr nail, tha 
“JJ flT0 eoorsd, non-expendable buoys may be an Important 

addition to this calibration site. 

“ UoTolo « lcAl i* demanded 

that the currant NASA aircraft plans for implementing ths P3A to droo 
radiosondes as previously mentioned be oontinusd. 


Point Barrow, 

IfilltolM tod Thickness Measurements - In order to evaluate the airborne 
reacts sensors for their capability in ice mapping and thickness msesumsnt 
a wedge-shaped area extending north of the Point and the ioe-ieland T-3 * 

tar , Sv** 1 ** of lo « S^JSTtSito., 

** ) J h rf hor ^“ t lo *,*f*« 1“ th. Tlolalty of Pt. Burow wUodlng .lx to 
eight miles o^ehore, (b) an offshore polar-loe area on a course of 045 
degrees true and 30-bO miles from the Toint, and (c) an offshore, 

fSTtS °f« 315 d * gr# ® 104 30 “ 6 ° ■*** the PoEt/ 

W) the thlck, floating, manned ioa- island, T-3. Surface requirements 
measured for airborne remote sensor data evaluation are: physical and 

ohemioal properties of snow and ice, los and/or snow surface t sent ratuiai. 
ice and/or snow thicknesses, wind speed and direction, loe strSHtrS 

roq » hnw > ****«# temperate, 

and relative humidity profile measurements. 9 
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Sine* ioe thiokneeees vary considerably during the yjar, th* 

"all weather" capability sensors oan be effectively avaluawad during all 

the other hand, because of tha extensive fog condition® 
durin* tha third quarter, airtorne remote aanaora 
as photographic, Infrarod, laaar will be daniad effective operation during 
this season. 

. ^ dow a severe limitation on surface equipment require- 

because of logistics and extreme oold effects on components. For 
. reA5on ^xi surface eq*\ipments/techniquea used for this calibration 
P^t Barrow. With some possible assistance frost 
J^lSSSSJ meteorological data from the NASA P3Axiahygrometer 
Sn^currlntl^plannad radiosonde drops, a weather vane implant is also 
in area (b) above. 

The off-tor. (b) and (o) ator., offer « *£•£** 

„f narformino mapping of loa mereaanta. A larga number or tiaoa, 
baito. available by the Arctic Ra.aarch Laboratory 
(SSundor OMR Contraot) for this purpoaa. Thaa. dr»a can to ^opP* 1 

SS MS 

l^lLtaa ttot auoh marker, have prown to to UM, tto moat rffactlva 
. ^ nr Visual sensing at remote distances. Drops less 

thL^SlTa^rt will form an ld.ntlflabl* rafaramoa U«» 

^TatooipC^ c^niS! ^3 taro° photography ai.o P^vlto. 
information on •vertical displacement. 

^^Sy^ ^^o^lco measure- 

oo^ito ic 

island, T-3. 

-Ky« -m« to provide adeqrate voice com^mications and 

^^“t^aSTto^ratuc 
J3S?tSlSM to dropped onto 1c. floa. or Into op« Icda or 

—[Tati S^uur r 4ac-ld). 

liquid water content. 
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§gxlPia..A3ai 

S ^fff^ e 7 ^ p f futu re Measuro affn^ - Surface temperature measurements for 
the Scrippe arsa hove been divided into two areas of operation. The 
most accessible arsa for surface measur scants is s naar-ahore ares 
extending some ten miles parallel to the coastline from the Naval 
Electronics Laboratory (NEL) Tower to the south at Mission Beach, up 
to and just north of Scrlpps Pier. Off-shore the strip will extend 
out to about 1-3 miles offering both a shallow and deep water facility 
including the sloping continental shelf, tha Scrlpps Canyon and the 
San Diogo Trough (approximately 6000 feet) ; the seoond area of interest 
lies southeast of San Clemente Island and includes those waters about 
50-60 miles off -shore where Japan currents come in from the north 
creating eddy distributions that offer some realistic temperature 
patterns for adequate tasting of spatial/temperature resolution of the 
airborne sensors. Research vessel facilities for obtaining ground 
truth data are available from the Scrlpps Institution of Oceanography 
(SIO). 

The near-shore area described previously can be adequately handled. 

The facilities at the NEL Tower and off of Scrlpps Pier will essentially 
satisfy requirements for ground truth acquisition. If measurements 
are to be expanded about these local points, a number of ■«— n motor 
craft (an the Pier) om be utilised using a hand-held or portable 
thermometer, psyehrooster, anemometer or shipboard wave staff with a 
crew of two technicians. A dual-wavalergth radiometer is alee available 
at the Pier for making temperature gradient measurements at tha surface. 

The latter requires a new detector system to improve its sensitivity. 

The off-shore area southeast of San Clemente requires a ship operation. 

The SIO research vessel, suoh as the Elian B. Scrlpps, can satisfactorily 
provide surface requirements. 

EfcgPtag 9MmnstoTT ^WTWSta - ThU calibration effort can 
be suitably performed at the near shore strip between the NSL Tower and Scrlpps 
Beach area, extending one to three miles off the shoreline. This area is 
easily accessible to Instrumentation, especially for current measurement 
which Is the most critical calibration involved in the surface effort. 

Surface equipments, for surface requirements, i.e., current tracking, 
sea temperature profiles, air temperature profiles, relative humidity, and 
wind spfed and directions, are available thrm^h the Naval Electronics 
Laboratory and Scrlpps Institute of Oceanography. It is noted, however, 
that a careful review of available equipment is required concerning the 
accuracy of measuring slowly-moving longshore currents which are present 
at the site. Dye marking offer# semi-quantitative data. J. Cairns (EEL) 
has suggested the floating crossed- vane drogue as an intermediary device 
subject to some improvement in accuracy; the crossed vanes present an almost 
uniform drag surface regardless of cu rre n t direction. Motion with the 
currant oan be sensed at the aircraft by identifiable float markers above 
the water line, and observing the dieplacenent with time, providing vtqfl 
affects are minimised In the flotation design. 3©lection of this or other 
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available eur**nt--a.arl B « UchnlquM, 1..., *^* r> 

Roberta aatar, hot-wire anew— tar, a to., or a new develop— nt aay 
baaa to ba c—aldered for thla parti oular prohl— . 

Shore line and Stud la. - Tha ahoralloa atlllaad for thla lnvaatlgatloo 

^f^ tSS HlaaTon'day "Split to tha tooth up to tha Torray 
Iter Aree This provides e variety of ooeatline features of long, straight 
baachaaV^ellpocktit b-ch-. rook, oo-Uina. and ollff atructuraa. 

Surfaca reqaLre-nU forahorrilna rock 

V8all,a > * j w*«tAoroloffical data. These requirements are adequately 
prov ided* f or * by existing facUiUss at the Sorippe Institute of Oceanography. 

Itet^ntion bv Diffraction and Color Ifl B U “ 11118 ^libration 
SfiR ^^^Ubly ^r foraed lT thTscrippe area over s longshore 
atriD from tto NEL Tower on the south to the Scripps Pier arse on the 
f «taodlnfoff-a^ra ao« on. to Uu- all... Thla teach ara.^ 

Drovldaa both ohallow and deep uatara In a relatival, stall area whl 
la° conveniently accesaitla to aurface facUltlaa and paraonnal. 

An on, tha various aurf.c. -a.ura-nt raqulramnta for thla 
fhanaad for bottoa contour data and optical-transparency of the aea water 
lf™u£ for thla°lnvaatl gatloo. In view of the ongoing extensive 
afforta by auch organisations as *&, 3 I0, and tbe^- • “’ s ^ laMn t 

Qr°varlfy S tha*data^uhlqb^la S 3 * EffiSu! a 

Undarwatar photo— tan and equip— nt r.ca.aar, for the noaaurennt of 
sea weter transparency ere avs liable. 

Airport Weather Stations. 

aieie^Mi r.v _ Calibration data related to remote sensing of 

%.<rinnfl . <g best handled by s research veesel 

HSESVari-rnr 

plankton, eto. 
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Biological surface measurement requirsaents include site temperature 
measurements , trmnsparency/limlaeeceaoe observations, solar Influx 
or sky reoord, biolimdnescence measurements, atmoaphsric trace spectrometry 
determinations, chlorophyll oonoentrationa, and population density measure- 
ments. 

Moat surface measurement requirements can be effected with the available 
instrumentation on the Scripps Institute of Oceanography veesel "Ellen B. 
Scripps" except for a photometer used for obtaining transparency A Imlnescence 
NAVOCEkSo^ * 0bUlMd frt * 810 ^cUitiee »der agrees^ with 

A^tiaptry fry Laser - Estimated surface calibration requirements necessary 
to help evaluate laser altimetry for oceanographic purposes consist of 
altimetry calibration, penetration calibration, stability calibration , 
and accuracy cal it rat ion. The Scripps Beach area presente an adequate 
range of wave heights, period end direction approach, usmlly during 
October-rabruary. Average breaker heights of about 5 feet are Indicated 
in this period with occasional winter stores causing heights of 12 feet 
or more for short periods of time. 

Critical areas in the calibration of the laser technique as applied to 
oceanography are (a) errors inherent in the technique due to penetration 
of the see surface by the light beam with the resulting voltass scatter at 
apprecisble f order of feet) depth beneath the surface, ©d (b) errors in 
ranging that result from flight platform Instabilities inasmuch as beam 
widths of 10-4 to 10" 5 radians will be Involved. 


Absolute range calibration can be performed on the growd, using ho rl social 
peths against target reflectors whose distances must be surveyed to an 
accuracy that lo better than the projected for the laser (0.1 - 0.2 feet) 
against non penetrable surfaoee. Having established the ranging acouracy 
by ground tests, one can new measure the degradation in accuracy using the 
aircraft platform at various altitudes, to examine the effects of known 
atmospheric peths end platform instabilities . 


A wooden platform exposing 6 steps (5 x 20") to the laser beam oan provide 
calibration data on the accuracy of contouring for an idealised non-penetrating 
eurfaoe. The actual step heights require accurate measurement to ♦ 0.25". 

The erltioal difficulty is in precise navigation over suoh a snall~target 
approximately 30 by 20 feet, for the pilot at a suggested altituie of 1000 
feet. By orienting the conspicuous, white beaded- ore thane painted steps 
so that the required ground track is parallel to the shoreline, a ooaree 
visual navigation guide is conveniently provided. By adding a msaber of 
markers /lights along the desired track throvyh the target, the desired 
precision oen be obtained, especially after a few passes aided fay nnmmsilne 
tion from grovnd observers. If poesihle, procurement of a surplus Borden 
bombs lght would also be e significant aid in this problem. Ttm overall 
technique has been favorably checked with several pilot#. 
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A floating fUt top barge (20 x 20") can provide a noo-penetrable target 
vtx>— email height (on# foot) It accurately known abort tht penetrable water. 
Comparison of th# altimetry data takeo Juat before, during, and 1— e dU tely 
following tha target overpast should prorldt data on tke errors introduced In 
altimetry ortr adjoining eea eurfecee. Calm tat art offer tha laaat Introduc- 
tion of error in this measurement; tha problaa of foamy, aaratad surfaces it 
quaationablo for tha proposed technique. 

For stability calibrations tha uaa of tha wooden steps previously ■ration ed can 
ba utilUad to eake acts# determination of short-period instability ( .12 second 
at 150 knot ground opoad). By Mounting a wida angle caaara (tilted down) abort 
tha slap structure, a tima exposure, should provide a track of tha diffusely 
reflected beta as it ■ores across tha step structure. Appropriate filtering 
on the caaara should allow tha laser track eolation to stand out against tha 
background (Moonlight reflection, beeoon sources used feat* guidance, etc.). 

The proposed *ee#ur«aent is limited to a fa samples of ehort-tara beta 
deflations, but is easily implemented. 

Simnarlsed below are generalised aeasuraaants and equipments necessary for 
ground truth requirements at the oceanographic calibration and overflight 
sites. 



The following lists those oceanographic variables . which are measured it tha 
surfacs to properly assess the feasibility of remote sensing Tor oceanography. 

Mot all measurements are required for every experiment. Those acasur merits 
being mde generally apply to tha calibration site? tha surface data for 
overflight cites depends on tha type of surface or near -surf ace platform mnploysd. 



OCEIM VARIABLES 


1. 

Sea Surface Temper aturo 

Xss 

2. 

Surface Salinity 

Yes 

3. 

Wava Height/Direction 

Tes 

4. 

Current Sprad/^ir action 

Yea 

5. 

Water Depth (Shoal area) 

Yes 

6. 

Water Clarity/Color 

Yes 

7. 

Water Samples ( Sediment s/Blological 



content) 

Yes 

8. 

Air Temperature 

Yes 

9. 

Wind up oed/ direction 

Yes 

10. 

Cloud oover 

Tes 

11. 

Moisture in Air Column 

Sometimes 

12. 

Percent Foem/Spray 

No 

13. 

ReflecUvity/fcaisaivity 

Mo 

14. 

Tberaometric Temperature 

Mo 

15. 

Solar radiation 

Tee 

16 . 

IB Measurements 

Yea 

17. 

Detection and Description Fish Schools 

Yes 
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18. See Ice Distribution 

Yes 

19. Sea Ice Thickness 

Sometimes 

20. Soa Ice Temperature 

21 . Detail Sea Ies Topograpky/Vater 

Some times 

Features 

Sometimes 


BQgIPKPrr RKTOREP AND USED 

As in the previous section, this listing is general and not Specifi cally 
tied to any given experiment. Met all instruments are required for every 
experiment. Inoofar aa the use of ships and buoys is concerned, the 
requirement la for greater use specifically for r«m>te sensor experiments. 
Zaceept for a few cases, this has not been possible up to now because of 
the long laad-tias required to program for ship time and the basic lack of 
funds to pay for this time and furnish the staff to obtain the required 
observations. 


M&im 


mi 


1. Bucket thermometers/ thermistors 

2. Water samplers 

3. Surface sail no graph 

4. Expendable BT 

5. IRT/iRT 

6. Wave staff 

7. Current meters 

8. Met. Instruments (air temp, wind 
epe^d /direction, tumidity, etc.) 

9. Dropsondss or radiosondes 

10. Tran smiaeome tar 

11. Photo systems 

12. Buoys (moored, free floating* arctic) 

13. Ships 

14. Saadi boats 

15. PER 

16. Microwave (l9 GHs, 6 GHs, etc.) 

17. Ice we© curing equipmont 

18. Sonar 

19. Surface to air coaaunl cations 


Tes 

Tes 

No 

No 

Yea/Ho 

Tes 

Yes 

Yes 

So 

No 

No 

Rarely 
Seme times 
Sometimes 
No 
No 

Partially 

No 

Sometimes 


mvm to to AiBtiuri .m yauii vm mm 


£S0SQJ&i - Sors of the concepts derived through the geoiogloal phase of the 
program do oot lend wall to “ocean" truth. The "calibration site" oeaoopt, 
for example, does not apply. Fur, although permanently located and well io- 
strmented, tha fact that the ocean it dynamic and variable week on a the reason 
for having a special static aits where long term observations are obtained to 
"understand" the eras. It le also difficult, if not impossible, to select a 
pearasnent site and wait for all the ocean variables of interest to come by, 

- That specific sites not be designated, but that, within 
aircraft range constraints, test sites be selected where "the action is." 
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For example, in order to get desired were conditions, it epoeert oeceea err 
to ssleot e period when the probability for tie conditions is high, then 
fly sufficiently long legs orer the area to increase the ohanoee of obtaining 
the desired data. ^ 

frUMinl i - Attesting to foreoast -ihe event of an ocean variable six months 
in advance ie e very costly exercise. Waiting until the probability of the 
event be predicted uore accurately can Increase the chancee of socoees. 

- That greeter flexibility be allowed in scheduling the aircraft 
for ocean sensing, particularly vavea. Some phases, such as river effluent 
studiee, bathyth erne trie studies, sea ica, ate., nay continue to be scheduled 
well in advance. 

fPItnt - ***• range limitations of the Convair 240 minimise its usefulness 
as an oceanographic daU collector. 

fiKgWand g Vftn - Except for coestal experiments, the P-3 be scheduled for ocean 
work. The increased range and duration will permit greater opportunity for 
acquiring data on most ocean variables. 

- la most cases, engineering factors in remote sensing far exceed the 
oceanographers ability to use the instruments. Most ooean invsrti gators are 
Just beginning to define the problem and develop an experiment program for a 
solution. 


SfififlMfldAU&fi - That haste in requiring quick results end answers from the 
oceanographers may not be in order. More communications between investigators 
and those obtaining the data will lead to mutual understanding of requirements, 
problems, etc., enhancing chance for euooeea. 

S st ft t ” A successful ocean truth program must make provision for those 
resources (people, ships, instruments) which will permit programing experiments 
specif loelly for SFOC. 

ftftmn— nrilUfla - Funding for this purpose be provided. 

CSBWQi - The ■tagger log ombe of test sites and investigators in the Earth 
Reeouroes Survey Program deters effective air craft scheduling for ocean experi- 
ment*. 

P i — h i slg lil llll - Consideration be given to obtaining an aircraft especially 
for oceanography, and/or permit fox contracting of specialised aircraft, and/or 
make available RASA Sen sors for tmqpi'irai j or permanent installation on other 
aircraft such as ASVEPS* 

SflMfli * 3omm aaneor techniques being developed (WISP gyertem for eiawile) 
require testing on, and In fact may be more economical to test on, special 
aircraft. 
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STS: pr0fr " e00,,d * r fUDdln * for in euM 

JniWftnt - Out. for data'. Mke usually Mrr*. no purpoa. but to fill fu. 

Ortvort. Fr.qumtly, If not aluty., only vary Uttl. data ar. rmulrnJ to 
adraae. fasalblllty atudlM, providing tb. data aro of th. tm and quality 
raqulml by th.lovwtlf.tor. Oftao, gu.1v. Mount. of data^l aor. Oma * 

^ ot fll. dramrai th.y »y actually roUrJ or“t« 

I^rtitUdiu**' * t * t *~° t * >“*«• aa wall aa drewft 

5 “ a PW«iiM - npneirtentiona of th. lnv.atlg.tor ahould b. undvatood 

T'* riat Ur ° r * ft ' *nd oenu. SuT^Er 

Oa th* othar hand, Invutlgatora nut b. r.quir.d to dtflno la b.tt«r teraj 
thalr anvlroiaantal and .on aor data raqulr«mta, and thao mi.t.ii. coaunl. 

«d — (mrtlelp.t. Utiuly In th. daU 

Saaatol - * — alth of oem truth .ltas (platform.) « avallahl. through 
axlatlng ocaanographlc progrm. Thl. g*n«r.Uy ntilli going wbaro th. 
ahlpa (platfornj) ar. at th. propar tlm., aloe. It uatmlly baa not bom 
poaalbl. to prograa mip tlao ^mlfloally for SPOC projicta. Sao thorn 
platforms include the surrey ships of QCP , ESSA Coast Guard iu M 

Iin<l*th 0 *n , ' O ® r *?? i »« inatltuta, me. aa waU a a th. Coaat Guard Lijht ItoSSa, 
and th* Oomn StaUon V.aaali. Raeoure*. (aooay and paopl.) ar. rmulrnl 
s successful ocean truth program. 

RffinnrilUlW - funding b. provided for ahip tlao parsooml and apaolal 
inctnawntatlon for ships (microwave, IR, etc.). 

Prmiliu narr Snacaci af t T««^ gffj ft t nillriTni l - Phases of sensor testing 
! P *° acraft “tiUsation phase which are devoted to 
K??« D *J n3 T5 t < '* flftltloa “4 of aircraft for determining sensor feasi- 
loc } Qd * “tensive testing of basically identical sensor a aboard 
airborne platforms. This testing provides experience with results of air- 
borne sensors to establish a comparative base far analysis of test results 
from spacecraft-borne equipment in the later tin* froae. 

I ^T du ^ »i»ulunma. opmatloo. of both 
type# of plntforme to determine the comparative utility of spacecraft-borne 
Instrument*, especially during those experiments where the physical phenomena 
of the sea very markedly with time. For this reason plans foTeimaltLeoua 
aircraft utilisation v?th spacecraft schedules should be established when 
spcrscraft overflight information becomes available. 

While much of the ground truth date will have to be gathered et the time 
? v * rflA «* t > •<»•<* it can be taken in advance, by 
aircraft . flights , to provide panoramic and topographic mapping of ooestal 

Ibc^enUtion ahould cotria area large enough to be useful for oalibratloa 
of the spacecraft data. Minimum else of useful calibration areas should be 
determined, since current e^erlMntal flighU could be extended to u 
th# initial coverage of tbsmlcmi. ****** to provide 

i 

,,,, -V.. -r- — lu _it tl msa j_ ~ • 
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Particular arses of the Gulf of Mexico are of special oceanographic interest. 
The Tucatan Current and Gulf Loop and areas of upselling north of Yucatan 
Peninsula are significant ocoanc graphic features. Largs thermal gradients 
should be associated with these phenomena. Aircraft aissiora over areas 
such as this with concurrent ground truth acquisitidn %rill contribute to 
understanding oceanographic phenomena in the Gulf of Mexico ufaich has been 
designated as an area of interest for the AAP-1A Weaion. It is pertap® 
not premature to explore the feasibility or concept of designating the Gulf 
of Mexico as the "NASA Acre.* This concept would utilise the Gulf of Mexico 
as the spacecraft teat site and use the many resources for a surface obser- 
vational network. The idea has merit and should be considered, although 
some ocean features (ice, high sea stata) will still require observations 
outside the area. 

Tta. Spacecraft Ocanograpty Project baa ealactad five basic oeaaoographie 
exparlaantal tr«> for the AAP-U rtiseion contingent on the availability of 
thTprlaery ln.trun.nt.tlor. Identified in Tabl.e 2-6. These are; 

a. Food from the Sea 

b. Ocean Dynamics 

c. Coastal Features 

d. Euvironsttntal Prediction 
a. Selected Photography 

Tha above areas ars further delineated in specific experiments as shown 
in Tables 2-6. 

Tha geographical experimental areas were selected bared on oceanographic 
BbacoBoaa and the availability of .urfae. or n«ar surfac. platforms during 
tfc. proposed period of the AAP-1A Mission. Th. platforas will lncluds 
ships, aircraft, and/or towers as Identified in Tables 2-6. Thee, sxper- 
Uental areas era outlined In Figure 2. The larger areas will t. naxrowwl 
In coverage when th. exact tl»ee of spacecraft coverage are taesm to 
coincide with the planned poeltlona of tha ahlpa operating in tha area. 

It la anticipated that nisaU. tracking vessel, possessing nura ground 
truth capabilities will be utilised as additional sources of data collection 
syatests during orbital missions. 

Photographic areas will not necessarily have ground truth but cover areas 
uCiiva. possess features o r oceanographic interest. 

A surface observational program will be developed when details of the 
spacecraft instruments and orbit parameters are detei-mired. 
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OCEANOGRAPHIC EXPERIMENT AREAS 



OCEANOGRAPHIC TEST SITE LOCATION CHART 



OCEANOGRAPHIC FEATURES 

FOOD-FROM-THE-SEA 
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Ground Truth Working Sadaisa 
Dr. R. J. P. tyon 


A eoufcrt&M on ground ■Msynanta for tha Instrument and geologic 
Was was hold on the Rooo campus of the University of Nevada 
Ikrcb 14-15, 1966. This was an attempt to establish certain test 
requirements before tbs field susmar season commenced at Sonora Pass. 

This two-day Masting was designed to identify the basic needs of each 
instruaent group and how these needs night be accomplished. The 
reader is referred to Technical Letter So. 3 of the University of 
Nevada group in which these requirements are fully detailed. Require- 
BMi ta for the infrared (IR) spectruseter/radiomster experiment have 
beec copied and included in this document as Table I. 

Since that time attempts have been made by Stanford and by the Univer- 
sity of Nevada to implement asny of these measurements, particularly 
those dealing with the atmosphere. We have delegated the responsibility 
to the Nevada group to provide most of the grocnd truth measurements 
for tbs ?3A IR spectrometar/redioseter experiment when this experiment 
has been used in the airborne «od*. At test sites other then Sonora 
Pass and Mt. Lassen the ground truth mseaursKeots have been Bade by the 
Stanford group themselves. 

In a recent sUrfy effort at Woods Bole considerable time was spent 
delineating tbs basic problems in remote sensing for geology, and 
methods by which these could beet be solved In a research and development 
effort. Figure 1 ia taken from this report and indicates that considerable 
effort should be devoted to the understanding of the geology of the 
outeraoat surface lor * optical depth", "akin depth", or "depth to opacity"). 
It ia this surface akin layer which ultimately determines the response 
of the rocks to tbs remote sensors. Detailed study of Figure 1 indicates 
that tbs tt-fort should be devoted to the surficial geology, with 

only minor effort devoted to classical geological mapping. A similar 
minimum effort only should be devoted to the development of new remote 
tensing hardware . Over 80% of the total RAD effort is reeoeraended be placed 

in Vw 

In order to relate these concepts to the operational «spect* of the P3A 
aircraft, Figure 2 has hero drawn. In this flow diagram tbs relationships 
beUaen Stanford, University of Hernia and the Manned Spacecraft Center W3C) 
on tha I? spec trams ter/radi ome tar experiment are dearly indicated. Tbo 
stippled arena In th* center of tha diagram are those in which much more 
research and many more measurements are required. 






nm mrn m 


sanr 


mm 


9 lower Motion of Figure 2 show® haw determination of rod type end 
• pattern (or atructure) and diatribution of rook types ar. elated 
rough field geology mapping to a baaio feolofioal aap. A t\ ^ 
glgffl'Ml Mg Iff f etibenrf^t MB end generally does not shew, for example, 
a poaitlon of enow banka, sand donee, and other eurflelal cover. These 
1 affect the "target”, whloh la the aurfaee intefrated over a field of 
aw of the Instruments. T»* vertical tips Hnkafe between the University 
K evade operations and the NSC operations of the alreraft Is essential 
ad will be brought out in a later chart) a a e— pd tg*Ah i» n— 

?rt ttw tlranfV»f«i& In ltd flight w)Hib» 

■ore detailed analysis and flow chart of tha operation is shown In 
jure 3. This rather oonplieeted diagran starts in tha 
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the top left-hand corner of Figure 2 in the haehored area is shown the 
«a of responsibility of M9C, for operational use of tha combined 
ck&ge (the Rapid Scan spectrometer, tha rad lose ter (or PRT-5) , tha 
rosigbt caxaera, the aircraft hygrometer, and the aircraft data record iig 
a tea) . The next block indicates that tha data from such an alreraft 
e ration flow through tha WC formatting computer to produce blooked 
gital Upea lamed lately compatible with the Stanford IBM 360 oomputer 
stem. The boresight and RC8 oamerm data are sent to Stanford to 
tabllah the precise groiexi position of the aircraft at any given time 
eodsd to i 10 feet at 2000 faet) . These data are used in an inter- 
latlon program in tha Stanford oomputer to establish tha aircraft 
sit ion on an arbitrary ground grid, which Is drawn on a bass nap 
e pared from high altitude phonographs of the locality, » (hopefully) 
e same day. From those two outputs it is possible to relate any <riv—> t fljn 
s from the ASQ90 or from the various aircraft clock syc terns in use at 
s moment) to a portion of tha aap grid, and hence (through the relation- 
ip shown as a vertical line) with the mapping and grotmri truth parameters 
term in ed by the University of Nevada. 


e identification of alroraft location on high altitude photographs and 
the map grid, as well as tha production of tbs oomputer reduced aircraft 
»ctrm and ala date analyala art tea raan«nalhnitl.a «r steward Onlwltr. 
the lower section in the lqft-hand and bottom edge of Figure 2, the 
aponalbillty areas of the University of Nevada are indicated. 


the center of the diagram the attenuation of the emitted Infrared 
list ion by the atmospheric colimn is measured, by tho use of weather 
at ions and, when used together with the aircraft hygrometer, provide 
profile of the water vapor in the airpath between grotaad and alroraft for 

• computer! at Stanford. Tha field data collection is well in hand but 

• aircraft systems need improvement. Tha second hlook (Surface Skin 
■positions) is determined by neasuresMnts of soil moisture, vegetation 
unt and partiol. «l»a. Thaaa tarfaea akin oomoaltlaia ara than ralated 
hrauch tea alrorlft tlaa ajatea) to f'atlfft fft-lWr fltl-mt alroraft 


tlda with an BatrtMat PtOfllttM. * SISt ted a apaolflo 

Taraat Satectlon . vhich war, confirmed at tha nraflteht Million Briaflnf 
approximately 14 days before the flight. The P3A flight than occurs 
and starts the flow diagram into operation. 


In the center of the diagram one sees the boresight osmsra being triggered 
by output from tho spectrometer and their mutual relationship with the 
radiometer (presently tha PRT-5) . Tha aerial cameras give the aircraft 
location. These locations are compared than with the target selections 
and the ground truth measurement! made by the Ublrerslty of Nevada. The 
area of responsibility for the Nevada group is shows in the upper haohured 
segment. Laboratory work, following tbs alreraft flight, will enable tbs 
University of Nevada to prepare Book using thin section 

and point cotsiting and to provide Stanford with a modal (or mlneralogloal) 
analysis. 


Tue x-ray fluorsaoenoe unit yields a chemical composition of the rooks 
from which one css determine a ’normative" or thaoretieal mineral composition. 
Both of these analyses are fed into the blook labeled " Data Analysis ". 

Again it is moat important that tha samples used in the determination of 
tea rook typa and chamleal eoapoalUoo jn.teota which ara mactlr (op at 
l*“t • d «l* t *** «PT*»teted) aW tea flteht ltea. ante.11. n~r. 


In the center panel we see the relationships between tha aircraft 
at ISC and tha data handling deafen responsibilities of 8timSrd (under 
Or. Roger Vickers) . The center haohured and stippled area rhows tha 
detailed experimental design (which originated at Stanford) and its execu- 
tion In an aircraft flight and subsequent data reduction performed at K9C. 
Digital recording le still not Installed in the alroraft although ws are 
already installing it for our grand operations. The digital rediamster 
and spectrometer outputs are sampled la the computer by the signal from 
the edge coding a rand the periphery ef the flltervbeel in the speetromster. 
This pulsed signal is used to trigger the digital sailer in tbs oomputer. 
This in turn produces an IBM 360 tape formatted to the Stanford pattern. 

This taps is then sent to Stanford wherein spectra are produosd tr cm 
programs operating on the Stanford o om p uter . 

atst4»gtei,iri Vm ffit antirt fllrtrt. 

on-line program oalled OORSDO (a correlation coefficient program, see 
3RSL Te ch n i ca l Report 67*1) is used, end this produces a ranked, rook-type 
analysis as- seen on the right-band side. Other Stanford are 

used by fitter In a itaHrtlt raMUflB (« adaptive learning) 

program which learns from standard spectra and Identifies rook classes 
on a probability basis. The correct class is a signed to saeh incoming 
alroraft spectra. Another rook- type listing is produced mad this, in 
turn, Is compared with the *■ 088C0 rock-type ranking, in tho Pat* .^uvxls 
block. A further program is utilised by Switeer at Stanford in the mineral 
Analysis program to produce a "modal" (or edaefalogical) analysis as its 
sod product. This also is compered through the Data Analysis hlook with that 




derived by rook- type analysis by the Univoroity of Hevada. 

This Is the program design diagron. At present fov of tiro cycles tove 
been coopletod for Mission 56 os ocnol&sratla portions of tho data are 
not yet available. Modal analyses of thin section as tor ini hove not yet 
boon prepared but a nuaber of useful o toxical eosposltlcns sad normative 
analyses have been received* These however are percentages of theoretical 
nine rale and not the actual nine rain occurring In the rook. In addition, 

Dost of the sasples which have been so far analysed are not fraa this 
year’s flight lines. Thle is not scent os a negative statement, but to 
indicate work yet to be done on ai scion, We ore all In a learning 
situation with "ground truth”, and working responsibilities and tacks are 
continually becoming more clearly defined. 

In the area represented by the cantor block called "Aircraft Location" wa 
have also had cany probloos duo to the nalfimctlon of tho bore eight ocssra. 

We have had to revert to an aircraft location method which utilises the 
RC8 caserns which trigger every five seconds. These esaeres carry thdr 
own clocks and it is possible with a fair degree of precision* to interpolate 
speotral start tiros between individual RC3 fraas* to locate the 300 spectra 
which occur between each BC8 photograph. The RC8 caserns vers looked in 
position to the aircraft fraas and were not corrected for drift in order 
to have thea record as aoourately as possible the nadir beneath the line 
of sight of the speotreaeter. 

In Burarvry sons points to be cads arc shown In Table IX as a listing of 
axtaes for ground truth operations. Theca aret 

a. Ground truth data are only useful along the aircraft ground track* 

b. Weather data are only useful at flight Use. 

o. Water oontent in tbs air and on the ground la the single Boat 
Important pareoater to be aoaeured, 

d. Ground truth data are only useful If they men be used la subsequent 
statistical analysis of the data. 

In conclusion . it is still necessary at present to oaks a ft pdfemMfl 

it t. p«rt»po d»b»taKe 

should be node prior to aircraft flight, during aircraft flight, or following 
the alroraft flight. In sods eases th® seasonal conditions preclude Baking 
these BsasupQSHmte aft e r aircraft flight, particularly when cz&s ccasidare 
the tine required between the aircraft flight end receipt cf tfe? photographic 
data by which aircraft tracking cuct be detendned. One sast then add tic* 
for a considerable ccount of work involved In transferring esasssra emtsr points 
free* the HC8 oaasre and in locating these on tbe sr&zod. It can be estimated 
that approximately 2~A weeks effort would be required gfjfos «* aistsr&ft flight 
end rnrlor to accurate grmatd locatto being obtained atog the aircraft track. 


« (i H fee IJ Wo ita, ■ 300 fsst/coo. IW of spsotroestor is 0.3® or 5 © 
radians, or 10 foot at 3000* cLenreaea. A/fc esar to 50 ftoet la the 150 aaea 
betsooo spsotra totalling 20 % do fs>st/«P«et?ua. 
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We oust sore fully understand the total arstwa . how t to ground truth 
JBBSm.taCa ABd the shows on a typical geological 

nap) late root In the surf lolal skin geology, and In turn how the atmosphere 
between the alroraft sodlflss these signals. We must not neglect the 
effbata of the alroraft data eystea and tow final output from the caaputora 
further ohanges the data. After all, "success" 1c the right relationship 
between the output frea the eosputero and tho final output free tbs ground 
truth neasureasnte. Before this beoooss pocsihlo we ore going to have to 
face up to the collection of a considerable amount of possibly redundant 
data. In addition a strong plea Bust be s&de for a sore sophisticated 
ground aeasureBsnt eystea. It is already fairly dear that oven msao uwaaant 
of water vapor content between an aircraft and tha ground 1s an extremely 
difficult and quite sophisticated meteorological experiment, not yet 
performed by sstoorologists with a degree of local end temporal pro c It) ion 
requested by thlc experiment. 








g&sSS**"" 
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APPENDIX 

famrttr ApiItiIi flf QromriL Irutti AW 

Analyaie of Stanford 1965 meteorological data haa baan made by oroea 
coir* la tic® uathode. Sareral attempt* hart baan aad* prarloualy to 
aaaroh for aeenlngful pat tarn a in our 1700 aota of ground truth data, 
which would ralato dlrootly to tha raaulta of tha lnfrarad apaotral 
aatohing prooaaa. One auoh report appeared In our flrat seed -annual 
report a year ago (May 10, 1966, p. 15) and another vaa (summarised 
In tha Flrat Annual Report (Noraaber 1, 1966) on page 4 and in detail 
on pagaa 54-56 of that report. At tha latter tia» we felt that we 
oould aaa afl tllifll fltt Wl QUttflW ttC Wl IMflUlI M Prwtl I 
which would be directly related to Meteorological oonditlnna preeent 
at tha tine tha epeetre ware taken. 

Intuitively, thia seems to be the vroog oonoluelon, and ao we hare 
aada a further, acre detailed analyeie of theae field data. One 
answer to whioh we attribute eoae oredanoe la that the speotni are 
thaaaalTea eo noley, due to the alcro phonic condition of the CuiOe 
deteotor (See SfiSL Teoh Report 67-3) that any further perturbation a 
introduced by "nolea" in the weather rarlablea cannot be aeon. In 
thia Banner one oen truthfully eay that. •• ."the uae of the. . . . i .%athex7> • • 
rarlablea did not lead to a algnlf ioantly better olaaalfloation into 
rook types." ( 1 at Annual Report, p. 4) 

The present atudy waa to all lntenta and purpoaea a "shot-gun" approach. 
Vs oollseted all tha arallabla data and found we had 2 group*. 

Oroup I Thoee with data for 17 rarlablea (275 aaaplea) 

Group IX Thoee with data for 23 rariablae (252 aaaplea) 

A oroee correlation progrea waa run in the eoaputer with theae groupa 
of data aad a triangular coefficient matrix prepared for each group 
(pages A3 and A4). Suitable a tippled pattern* ladloete the 0.25, 0,4, 
ead 0.6 ooeffiolwt lerels. Vo confidence lcral waa run by 


t 



th!:; program at- nr. not s'ire which numbers arc significant at the 
9 f '£ level, for example. A quick glance will show that for ?‘/> samples 
of it or ?i variables taeh.the stippled levels are conservative. 

Of m ore slgr.i flcanco is the analysis following in Table* X A A B, 
whert ve have tried to * legate relationships which have obviou* 
character (ever redund*f. y in Swute cases) from those which eight have 
experimental aigj.iiean • . Many association:; can be explained by the 
tenoral pattern of daily or yearly activity (geographical location* 
or a It i ruler, for exa*|>>) as ve moved from teat site to test site. 


Da- 

ilivi 

Seq.er.c*' of Tes 

t Site* - 196') Field rci iod 

Hock Type Tone No. 

Location (Cal 

1 fornix) 

A tltude/S.L. 

(1S*>V) 







CM 

Pacific Coaat 

(PGLHOl) 

30 

Granite 

1 

e/13 

(*-'•) 

Pacific Coast 

(r\lLPCl) 

30 

Granite 

2 

tt/ih 

Ujo) 

Dcnner Pass 

(DPCJCGl 

68 ?y 

Oran i t e 

2 

9/^*' 

(?66) 

Mono Lake 

(MCABOl) 

731P 

Granite 

3 

9 /i‘(i 


Mono Lake 

(m:scg1) 

86 eo 

Rhy. Pumice 

3 

o/n 

U'VC) 

Mono Lake 

(MCSCU9) 

8680 

Rhy. Pumice 

4 


C'/J) 

Mono Lakr 

(>CNoOl) 

680C 

•Rhy. flow* 

4 

10/1 

(WM 

Mono Lake 

(MCNC01) 

6600 

Rhy. flows 

4 

I'*/'* 

(?V9) 

Mc:iO Lake 

(iCCCOl) 

76?9 

Baa. Cinder 

5 

lo/;t 

CVC) 

Mono Lake 

(MCSCO,) 

8690 

Rhy. Pumice 

6 




(MCSC10) 




]o/4 

(W) 

Monc> Lake 

(MCSBOl) 

644o 

Putt . beach 

6 

10 /Vi 

(2*7) 

fiwga Pass 

(TP0PC1) 

8 ‘O0 

Granite 

7 




(TPLD01) 




10/19 

(268) 

Mono iAke 

(MCBPOl) 

6520 

Basalt Cone 

8 

10 /??. 

C'96) 

Pijgah Crater 

(pcwp.oi, a?, 0J2515 

Basalt Con* 

8,9 

10/?4 

(?97) 

Pifigal. Crater 

(PCTPOi) 


Basalt Cone 

9,10 




(PCEROl.O?) 




10/? 9 

(*98> 

Pi *gah Crater 

(FCLLU, 13,1**) 1886 

Basalt flows 

10 

lC/Vt 

(29>) 

Pisgah Crater 

(PCLL1?) 

1868 

Basalt flows 

10 


* i 
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The tables A-K which have bean prepared from this analysis are 
aa follow*. Experimentally significant tablet are Indicated by an aaterlak(*). 

A. Logically explainable by parameter Involved 

B. Explainable by relationships between meteorological and rock 
temperature. 

C. # Experimentally significant relationships not immediately 

explainable. 

D Directly related to the yearly sequence of site chosen for 
field work. 

E. Related to daily work pattern at sites. 

F. Related to sequential breakdown of detector In SG-U. 

G. # Instrumental Relationship 

H. Modal Quart* percentage 

I. ftn! ssivity average (I Bar) 

J. LMSC correlation coefficient (C0RRC0) 

K. Correlations rsr.ked by value (over 0.2U). 

Th e fol lowing notes are important to the analysis of tables A-K: 

1. Ta^e. No. - Serially from Tap* 1 to Tap* 10 

2. Da^ - day of the year, se* sequence table above 

3. Temperatures - all contract, using DIGITIC thermistor probes 

(Sand ) in # C 

^bT 

( fock ) 

1«. Air Temperature - 6 inches off ground in shade, DIGITEC thermistor 

5. R elative Humid! ty • Percentage, Honeywell RH Indicator meter, 

type WollA used with 5 ranges of probes 

6. Altitude • taker, from topographic map* 

7. S3- J » parameters - electronic settings off unit .period in seconds 

( Gain) 

( Period ) 

( Bandpass ) 

8. Spectrum No. - sequential spectral group along any one tape 

9. Lapse Time - time in minutes since last filling of liquid 

helium cryogenics (appeared to be directly 
related to noise increases In the fle’i) 
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10. Quart* - modal analysis, prepared by counting 1500 grains in a 

thin section under the microscope, can be conaidered 
to be an approximation of rock type 

11. CORRCO - See footnote table K, correct answer for that rock type 

target was used, n^t the highest value 

12. I’OIPS - modal analysis ac for quart*. Both Plsgah basalts and 

Mono Crater pumice had high void values which may have 
acted to cut down "spectral contrast". 

13. E BAR - average emittance ratio values in LMSC program 
l 2 *. E V&r - variance of emittance ratio in IMSC program 

15. Wind velocity - in miles per hour, hand held "venturi" gauge 


Rar.j 


in feet, if over 1000, taken from maps. 


TABLE X 

CORRELATION STU PES ON 1?65 FIELD DATA 

A LOGICALLY explainable by PAF AMETKR INVOLVED 

swv Btplalnable Corr«l»tlon Co.fflcl.nt 


TWpe No. v s . Day of Year 
Send Temperature vs. BB Temp. 
Sand Temperature vs. Rock Temp. 
BB Temperature vs. Rock Temp. 
Sand Temperature vs. Void % 


1 . 

2 . 

3- 

4. 

6. Rock Temperature vs. Void l 

Not ao obvlousl 1 - related 
1. Sequential spec .ruit no. vs. lapse time 


(.90) 
(. 86 ) 
(. 81 ) 
(.76) 
( •3*») 
(.31) 


(. 43 ) (should be 

higher but lapse 
Ti«e returns ofte: 
to zero) 


B. BY RELATIONSHIPS BETWEEN 

Simply Explainable 
1. Air Temperature vs. BB Temp. 

?. Air Temperature vs. Sand Temp. 

3 . Air Temperature vs. Rock Temp. 

4. Air Temperature vs. Altitude Temp. 

5 . Average Fr isaivity (£) vs. Void ^ 

6 . lapse time vs. BB, rock, sir, Temp. 

Not obviously re luted 
1. BB Temjersture vs. Altitude 
p. Sand Temperature vs. Altitude 

3 . Rock Tempera tui-e vs. Altitude 

4 . X-4 Gain vs. Altitude 

5 . Air Temperature vs. Day 

6 . 30-4 Bandpass vs. Altitude 
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C . EX HE ^ I y- VTA 1 LY SIG NI FICANT RELATIONSHIPS NOT IKMEDIATF.LY EXPLAINABLE 

Correlation Coefficient 


1. 

IXSC Corrcl’*ion Coefficient vs. Tape No. 

( — 3*0 (Why?) 

? . 

X-4 Cain vs. BB Temperature 

(.• 35 ) (Why not negative?) 

3 . 

Average Er.issivity (£) vs. X-4 Bandpass 

(-.29) 

4. 

Average Erissivity (E) vs. Void t 

(-29) 

5 • 

Qur.rtz % vs. RH 

(. 28 ) 

6. 

Quartz * vs. Pay of Year 

(-•35) 

7. 

Average Eriisivit;. (E) vs. Lapse Tire 

(-. 28 ) 


p. 

REUT’J 

TO ' 

rst YJ-A?I V SEQUENCE OF- SITES CHOSEN 

FOR FIELD WORK 

1 . 

Day 

vs. 

Relative H jr.idity 

(-.79) 

?. 

Tape No. 

vs 

. Relative Humidity 

(-.63) 

3 . 

Tape No. 

vs 

.Air Tc::.p . 

( • Ji 3) 

4. 

Tape No. 

vs 

. BB Terp. 

(.*> 

5. 

Quartz content vs. fay of Year 

(-.35) 

6. 

Tape No. 

vs 

. Altitude 

(-. 30 ) 

7 . 

Tare No. 

vs 

. Sand Terp. 

(.29) 


F. 

KEiA.Tl' TO T-r. DAli? VCRK PATTERN AT SITES 


1 . 

X- 4 - gsin v». Sequential Spectrum No. 

( . 3 ^) v not clear) 

0. 

X- period <s. iXiy of Year 

(-.34) 

K. 

re: a :-:• !> to sequinvial breajcvvn dp detector t 

N X-4 

1 . 

X-4 pain vs. r*y of Year 

(whereas BBT vs. day is (.19) 

( .63) 

p. 

X-4 gain vs. Tape No. 

(39) 

3. 

ST-4 ga.n vs. Sequential Spectrum No. 

(•36) 


Un?c:ta n Why Relationship Exists 



X-4 gain vs. Relative Humidity (-.53) 

(U.y vs. RH is -.7?) 

( Day vs. 5G-4 gsin is 63 ) 



1 . 


1M 


IfrctrUtn Why R.Utlon.hlB hlitl 
8. 80-4 Period v». Etojr of Yeer 

3, 80-4 Period va. Pel. Humidity 


Correlation Coefficient 
(••Jk) 

(■51) 


MRg asm s, ssasos. wi g _. 


0. INSTRUMENTAL RELATIONSHIPS 
Clearly Related 

1. 90*4 Bcndpeaa va. BB Temp. 

8. 80-4 Period va. 90-4 Bapdpeaa 

3* 90-4 Oeln va. 60*4 Bandpeer 

Clearly related and ahould be of other ejgn 

( .35) (not .o clMr) 
(••*8) 

(-.*0) 

1. 80-4 Oeln va. BB Temperature 


(•.13) (why negative?) 

Unclear but probably ahould be of other alxn 


1. 80-4 Oaln va. 80-4 Period 


(-.88) 

H. MODAL QUARTZ PERCENTAGE 



Relationahlp Pound Correl. Coeff 

Beeson 

1. Quarts va. Day 

(•35) 

Cay va. 1*p# ( . 90 ) 

2. Quarts va. lfcpe 

(-35) 


3. Quarti va. RR 

(.86) 

Gay va. R.H . (-.?9) 

4. Quarts va. 8 Average 

(••*5) 


X. JOGSfilVm AVERAGE (1) 



ft va. Voids 

(.89) 


t va. 60-4 Bandpaaa 

(•■») 


2 va. lime Upae 

(-.86) 


1 va. Quarts 

(-.85) 


1 va. IX6C CORRCO 

(-.84) 


ft va. B verience 

(.83) 


ft va. Range 

(-. 18 ) 







Qroup II 

(83 varleSTes Qroup I 


CORRELATIONS PAViCED BY VALUES 

includes LMSC output) 

(17 variables) 

Tbpe number v§. Cay 

‘90 

.89 

Sand T va. BB Temp 

.66 

.84 

Air T. va. RB Temp 

.66 

.85 

Air T. ve. 8and Temp 

.34 

.84 

Send T. va. Rock Temp 

.61 

.81 

RH ve. Day 

-.79 

..78 

BB Temp ve.Rock Temp 

•76 

.76 

Air Temp. v. . Rock Temp 

.73 

.73 

EB Temp ve. Altitude 

-.67 

-.67 

80-4 Oeln ve. lay 

.63 

.60 

Tape No. vt». R.H. 

-.63 

• 

Ov 

O 

Air Temp vs. Altitude 

-.62 

-.62 

Send J>np ve. Altitude 

• ,6 c 

-.59 

90-4 Oain ve. R.H- 

-.53 

--49 

Tkpe No. vs. Air Temp 

.*3 

.44 

8pectrum no. ve. Lepee Time 

•*»3 

.38 

Rock Temp ve. Altitude 

-.41 

-.42 

Tape No. ve. 30-4 Oain 

.39 

.36 

Tape No. v*. pb Temp 

.36 

.36 

8pectruir. No. v*. SQ-4 Oain 

.36 

.32 

90-4 Bandpaee va. BB Temp 

.35 

.35 

Quart* ve. lay 

-.35 

-.35 

Voids ve. 8end Temp 


• 32 

80-4 Period vs. Day 

-.3* 

-;3* 

Tare No. ve. C0RRC0» 

-•3*» 

(not used In 
Group I) 

80- 4 Oain va. Altltuda 

.32 

.30 

90-4 Bandpass ve. Altitude 

-.32 

-32 

Voids vs. Rock Temp 

.31 

.29 

80-4 Period vs. R.H. 

• 31 

.30 

Tape ve. Altitude 

-.30 

-.32 

Tape ve. 8end Temp 

29 

.29 

t va. 80-4 Bandpass 

-.29 


ft v». Voids 

.29 


Quartz ve. R.H. 
ft ve. Lapse Time 

.26 

.28 

-.28 


Air ve. Day 

.27 

.?8 

80-4 Bandpass va. Rock Temp 

.2T 

.27 

C0RRC0( •) ve. Day 

-.27 

-.28 

Send Temp ve. Lapse 

-.27 

Ihpe No. ve. 80-4 period 


-.27 

80-4 Period ve. Altitude 

• •86 

-.85 

90-4 Bandpass ve. Wind Vtl. 

-.86 

-.24 

80-4 Bandpaee ve. Air lamp. 

.85 

.25 

Void* ve. Air Temp 

.25 

.24 

8peciral No. ve. R.H. 

-25 

-.24 

ft va. Quarts 

-.35 



# CGWCO - Correlation ooaffleitot used vat froa the LM9C output. ft* 
value used ni that vhloh correctly fetched tha tercet rock type, for the sanr 
rock type In the library, end not neoetaariiy the mx I nrun value of COWRCO. 


preliminary basic requirements as oktirid bt 

OR. R. J. P. LYON FOR THE INFRARED TEAM 


A. *Liid SuilA ■or_LQQJfl Material - Surface ftaly 

Roughnaas using Fora Tool-NS and FV prof ilea. Make profile and 
than record to * 0.5 mb, by» 

a. Spray paint (not pencil). 

b. Photo sensitive paper (vieioorder nolle) on a sheet of 
rolled ohart paper for late reduction by curve follower 
net hod a. 

o. Fabric or torture - desorlba, draw , and eleo photograph. 



*v 


TABU I (Qflntt) 


6. Molstura - If possible 1a field (especially an flight days) 

a, Surface to 1 — . 

b. Otter layer at 1-2 an deptn. 

(Aooureoy needed ± 5* of asount present) 

7. Atmospheric - and nioro - meteorology (eapeolally on f Ilf ht da/a) . 

Wind vslooit; 

11/2 

lnotea ) , all taken at a alnfla baee-o— p with respect tc tint 
of da/ in a 24-bour oyola. Repeated oooe a week, but apaolfloally 
performed on flight da/a 12 houra bafora tr 12 houra aftar flight. 
(For oolora . uaa 03 A Standard Rook Color Chart.) 


relooitr to 1 nph, RH to t 0.551. Air temperature (°C) at 
— ter/ground (to ± 0.2 C), Barometric praaaura (to ± 0.5 


B. La bora to rr 


2 . 



Modal analysis, major mineral# - 1500 point ooujt. If flna grained, 
uaa thin see t Ion (e) , if ooaraer, uaa a poliahad a lab (v t thin 
aeotloQ to identify tha ground aaaa) . Bring plaoa book for alab 
poliahlng. 

Idantlf/t 

To t 1 % of amount praaant - quarts, A- spar, plagioolaee (with 
Ac* to x 5*) pyroxene, a^phlbcle, ol Irina f aloa, glass and 
re Ida. Determine bulk rook S.O. 

b. To l 5* of anount praaant - opaques, oolor lndax. (Identify 
opaque a if practical.) 

o. Fabrlo texture, note, praf erred orientation of grain pattern 
in soil using i 

(1) Bulk "parent N rook at so— —all depth below weathering 
rind and/or toll 

(2) Actual eurfsoe oblp (or layer of toil) to x 1 an depth. 

Chemical analysis (1-ray, a poo. or amission spec.) . 
oxides to t 0.51 of amount praaant. SI, Al, K, *a, Oa, 1%, Fe(T) , 
and FaO if possible; T1 ate. to 1 9* of amount present. 

Use 1 lb. specimen, pules rise and mix thoroughly. Sand 10 
In bottle to Lyon. Oat powder SO as wall as bulk rook SO. 


MOISTURE DOWN TO SKIN DEPTH. ( (X) 

WATER VAPOR IN TOTAL AIR PATH FOR IR. AND ITS DISTRIBUTION WITH TIME 

LIQUID WATER DROPLET SIZE AND FREQUENCY IN AIR PATH FOR MICROWAVE 
AND RADAR WAVELENGTHS 



NASA-S-67-7766 

STANFORD / U NEVADA / MSC RELATIONSHIP ON 
INFRARED SPECTROMETER EXPERIMENT - P 3A AIRCRAFT 

STIPP LED A REAS NEED M UCH MORE A TTENTION 

J I - 1 j I STANfOKD i ^ AIRCRAFT 1 
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UT 


HARDWARE 

INTERPRETATION 


REMOTE SENSING 
TECHNOLOGY AND 
HARDWARE 

INTER RELATING REMOTE 
SENSING DATA TO 
SURFICIAL GEOLOGY 

SURFICIAL GEOLOGY* 

CLASSICAL GEOLOGY 


rs> 

•*4 

a 

mm 

lii 

a 


EFFORT IN 
LAB 

ft 

m 

wm 

mm 

mi 

|S| 

m 


EFFORT IN 
FIELD 




•* • ' •/; 
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V 

DATA FROM 
AEROSPACE 

>— * I 
8 

5 I 

6 

8 


* 



ANALYSIS. 
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SPECIPIC RECOMMENDATIONS 159 

Ship support 159 

International cooperation 160 

Suitcase Instrumentation 1&° 

Calibration standards 


161 


144 


Research coadaotad through the 
Tenet AAM Research Peuadatleo 

asm Project 186-13 

>M 1. .^or- .7 th» OffU. »t Wrr U Mh«» 
n 04>-0>*. Coatmt »>u Tk» rnltt M4-1J portion f. 

op.nt.4 P-IW *» M» •»«•«•*« 


?roj«c .1 tfc. tovtl Oew®o**e»kle OMfcl. .o* U M« •* tl “ 

AA.<*iefmtWe Berth leeeorcee Surrey Profrao. 



! 
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AM TUCT 

for ilaMI two tmii tb* Sp««ci«(c 0e.MOJt.phy ftojott <»0C> 

, t Inu mm OMvM.lty hM hMh .tuNylht tb* "• •* r “ ot,1 1 M “* 1 

4 .„ trim aircraft to l.tarmio. ocaaao,r.phlc faatoraa.U tha HlMUalwl 
Dalta ta*loo ol the Oolf of Notice, feet axrerteece hee ehown that 
the prooeet ( ro«4 truth pro«raw U lee«e,«ete *m to the owowoil.htHtr 
of reeeereh ahlpe aad other oo»hletlcete4 loetnaeot pUtforwa. All 
the boerteet phyalcel peraMtero oe the oee ewtfeee ead 1» the ‘taM- 
phero abotro ahould ho eeaeured. t^o-o-etlooe. th. Urth U~urc. 
Surrey frotraa <U if) ehould leooo or porcheoe eMltloeel reeeereh 
oblpe. Stapa ahould bo toboo to oacure teteraatloool cooperetloo to 
ourfeco oureere of toot elte eroea. fort able loetnMtt pech- 
,, M ahould bo oodo that way bo pieced oo ooo-raaoerch ahlpo. Off 
Oould etooderdlao the calibration of the oeoeore bain* u»ed oo chip 
and aircraft . 
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BAOCaOUltD 


Tha Spacecraft Oceanography Pro J act (SPOC) at Texas KUi University 
w as lo it la tad In naily 1WS under tha Depercneot of Oceanography. Ita * 
goals ara to determine tha utility of using remote aaoaors in studying 
tha faaturaa of tha Gulf of Mexico aad •pacifically tha Mississippi Delta 
area froa airborne and Earth orbital heights, to develop techniques 
thereby these stud las night be conducted , to nominate a group of raaoca 
sensors that have optlaua use for oceeaography and to design experiments 
to be conducted using as tall Its based se n so r s. Tha Dapartaaut of Ocsano- 
graphy at Texas AIM University has been interested In the Gulf of Mexico 
and its features for ooaa tlaa. The region of tha outflow of tha Missis- 
sippi Elver (the second largest in tha world) was selected as a teat 
alts for tha Earth taeourcea Aircraft Survey Progras doe to uaey reason*, 
firstly. It la an arse where large spatial and taaqtorel variations occur 
lo tha Inportant par ana tars measurable by c l ass ic al oceanographic tech- 
niques. Secondly, It la near Taxaa A4M University and HSC/RASA Houston 
where tha aircraft ara baaed. Lastly, It is an area in diieh a fair 
amount of classical oceanographic resea r ch had bean conducted la the peat. 

To data seven flights by NASA aircraft have been neda over tha Missis- 
sippi Delta, Sits #12S. Only two of thaee flights have been siqrported by 
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surface ahlpa collecting data, and la only one of these flight* vac 
the data obtained anywhere near the aaowt and extent to aatlafy the 
requirements of a ground truth program. 

There are several areas of study under SPOC at Texas ARM University 
that are not concerned with the Mississippi Delta teat alts. One la 
e study aimed at correlating cloud patterns with oceanic features in 
the Gulf of Mexico. NIMBUS and ESSA data are being used In these studies 
using ground truth data Iron the various cruises of Alanlnos for ground 
truth. Other studlee ere concerned with the heat and water budgets at 
the sir- sea Intarfeca end! periphery of the Gulf of Mexico* 
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pumtosi amd soon or this paper 

The purpose of this paper la to present a sunnary of our peat expe- 
rience# In gathering ground truth data froa an operational point of 
view ‘n support of the Earth Resources Aircraft Survey Program In oceano- 
graphy. The Material herein la intended to be supplanantary In nature. 
Bearing is Bind ora United viewpoint aa regards the total Spacecraft 
Oceanography project's needs, the re co m m e nda tions and consents contained 
In this paper apply only to our experiences In the Gulf of Mexico end 
specifically the Mississippi Delta region. It la not intended to be 
a comprehensive survey of the overall ground truth requirements of 
the Earth Resources Survey Program in ocaaoography . 
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ctBiKAL uquibewwts or atom non pkocham 


The primary requirement for soy ground truth program it that 
•uf ficlently accurata measurements ba made of all tha Important para- 
■atars at tha aurfaca and la tha subsurface under study and of all 
othar parameters affecting the readings of tha varloua aanaora. In 
thla way ona nay be abla to show a correlation (positive or negative) 
between what la happening or praaant In tha araa of lntaraat and what 
tha remote aanaora aaa f ran above. 

Ideally, rhaaa determination* ahould ba node ayooptlcally — all 
at tha ease tlM. An exception of thla principle could ba taken If none 
of tha parane tar a had chan* ad during tha period between tha collection 
of renote aanaad data and ground truth data. 

In tha caa# of oceanic surveys by ranote aanaora. only tha tanporal 
and jpatlal distribution of aurfaca parameter* such aa temperature, 
aallnlty, roughneeo (see atata). biological activity, olio, ate. need 
he determined. The teak of correlating theee aurfaca paranetara to sub- 
surface oceanographic phenomena la given to classical oceanographic survey. 

It la possible that ground truth nay ha obtained by using measure- 
eents from remote sensor eyatana that are. or bacons reliable aa tha 
program develops. The IKT la an example of such a sensor . Another 
example la that It la possible to obtain ground truth on tha roughness 
of tha sea surface from tha sun's glitter patterns aa seen photographic- 
ally. Low altitude flights may ba abla to provide ground truth for 
high altitude measurements. 


^-"vmmsnn 
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Under the present procedures, gr sad truth la obtained by ahlpe 
or fixed platforms la the Mississippi Delta. Since our 3POC project 
has oo control over tha scheduling of oceanographic research vaaaala 
except tha Alaalnos (Taxaa UM University oceenogrephic research veeeel) 
which la scheduled on a yearly basis la advance, it has bean difficult 
to obtain alnulranmo* surveys of tha teat situ by airplane and ship. 

Due to tha fluid nature of tha oceans, ground troth measurements 
must ba aada aynoptleally or quae 1-synopt lea lly with tha aircraft neaeure- 
aence or alas their value la last. This la tbs no at significant differ- 
ence batwaan tha require m ents of a ground truth program supporting 
oceanographical studies and for ona supporting land studies. 

In tha past, tha problem of coordinating aircraft fllgbts and 
ships cruises plus occasional Inclines’ weather or equipment malfunction 
has resulted In a email parcaotaga of successful ventures. 

When the Alan loot la in the taac site, tha following types of data 
era collected! 

1. Taaparetura si the skin of tha ocean's aurfaca la measured 
continuously by a Barnes 1XT at a he‘£*.t of approximately five maters 
and recorded cm a atrip chart A backup 1*7 la available la case of 
malfunction. 

2. Total cloud cover is recorded by a time- lapse hemispheric 
(flsheye) 
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3. Air tMpmtwi and dev-peta*: t« 9 *r*tor« *r« recorded 

continuously sc s hslfht of tan as errs. 

4. Surface wind speed sod d tract Ion Is observed by personnel on- 
board sod rscordod in s lot* 

5. Standard meteorolog leal surfscr observations «ra recorded In 

a log. 

6. Tbs temperature of tbs top lsysr (subsurface) of tb« water Is 
aonltorsd continuously by a resistance thermometer sod racordsd on s 
strip chart. 

7. 8 as surfacs salinities sra continuously asssorsd by a salinity 
call and racordsd on s strip chart. 

8. Vertical distributions of salinity sod tempers* ora am osasuisd 
by salinity, temperature and depth devices (STD's). 

9. Additional vertical distributions of temperature ora obtained 
by bat hy thermographs (IT' a) which ara rugged and reliable but not aa 
accurate as tbs STD's. 

Oceanographic research vassals con survey only s few linos in s 
few days so that synoptic coverage cannot bs obtained by tbs one ship 
alone neither can one ship satisfactorily surrey even an area aa snail 
ss the Mississippi Delta region. 

Tbs other aircraft missions have been supported feebly by snail 


W 
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boats sod fined oil platforms. 

To illustrate the past problem of obtaining ground truth , the 
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following summaries of nisei s/oe in tbs past ere Included: 

1. July 1966 - Ground truth mss collected in s eery United part 
of the test site eras by s commercial charter boat, the Playboy , which 
had a graduate student on board to obtain some BT'a sod bucket -temperature 

measurements. 

2. October 1964 - Personnel from MIT end the Unlvorslty of .ievedn 
ware on hand to neke colorimetric end It tampers ture measurements of 
the Mississippi I'lvar outflow. Unfortunately the aircraft alsslon was 
rained out attar only a brief flight. 

3* Decem ber 1968 - A partially successful aircraft flight coupled 
wlih no ground truth mads this alsslon of quest lonebls value. 

4. February 1987 - A completely successful alsslon was flown by 
the aircraft; but. no ground survey of tbs ares waa possible due to ehe 
uoo- aval Lability of ships. 

5. April 1967 - C round truth teams vara prepared to survey the 

test alts area, but the aircraft could not fly due to equipment malfunction. 

6. June 1967 - This alsslon was o teller to the February alseion. 

7. August 1967 - For the first tins quesl-elmulteaeously surveys 
were made of tbs test aits by both the NASA P3A and the Ala alnos. To 
point out the differences between aircraft survey and ship survey, it 
took the Alaad.soe two days to survey the three lines surveyed by the 


NASA MA la a period of two hours. 
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MBAsmuMoro uquucD 

On* of tha goal* of tPOC at Taxaa AA.1 University U to develop 
techniques whereby eaanlngful ocaaoographlc neasurraant* caa be wad* 
froo aatalllta baaa4 aanaora. To accomplish this, tha affects of Cha 
at no sphere la attaaoatlac and Niiftrltatl^ tha radiation* fron tha 
ocaaa'a aurfaca Mat ba considered. Thu*, data Had knowledge about tha 
ta^oratura structure and conpoaltloo of tba atmosphere ever the taat 
alta araa ouat ba obtalnad by tha ground truth prog ran. Thla lap 11 a* 
tba uaa of various atmospheric sounding devices such aa radloeonda*. 
ravimoada , tatharad balloon* , wlra aondaa a«d roc kata . 

Tba ahaor aiaa sad eunber of required aaamaaaata and loatrunant 

ays ten* dlctataa tba uaa cf larga platform* on which tba** rn 

ara to ba baaod. Tha no«t logical plat fora la tba ablp. Tbaaa vessels 
coat fron two to ala thousand dollar* par day to oparata. Alec, tba 
ouabar of raaaarch vassals la tba Unit ad ftataa U quit* llultad. 

la som can**, fixed platfoma such a* oil platfoma nay ba uaad 
re bold ground truth instruments, ho waver, tbaaa would ba inf lax lb la 
and oacassarlly located cloaa to aboro linn*. 

Aircraft nay ba uaad to pro* Ida ground truth la a number of way* 

In addition to thos* alraady neatloned. Oropnondas atmospheric prof 11**) 
and expandable *T’a nay ba droppod firon ground truth aircraft alo^ with 
buoy* to non 1 tor a n fa natically wstar tanparaturs, salinity and nsteoro- 
1 og leal condition* at tha alr-aaa iatarfaca. 

{ 
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With tha a bows c omas ta la nlad, cha following la a list of tha 
naasuranants required (*ladlc*tas that thaaa naaawrananta ara currant ly 
being nada satisfactorily la our praaant ground truth progran). 

1. Mount and spactral distribution of dlract and lnd tract solar 
radiation Inpinging upon tha ocaan'a aurfaca. 

2. Hat tarraaelal radiation naar tha ocaan'a aurfaca. 

3. Downward radiation fron tba aky in tha nlcro*«av* bands usad 
by eh* passive alcrowarv* rad Ion* ears. 

4. Vert lea) distributions of tanparaturs and watar vapor In tba 
atnosphara ovar tba taat a.; a fron aurfrxv to 30.000 faat. 

*3. Cloud coveraga. 

*6. Rchmul distribution of water-surface tanparaturs and salinity 
In tha east sita araa. 

7. Magnitude and dlract loo of water vapor flux md sensible iiaat flux 
at tha air-sea interface. 

8. template surtic* nataoro log leal observations. 

9. Accurate navigational equlp aeu t . 

10. Color ins trie analysis of surface wet r*. 

11. Mount of suspended natarlal (aadmanta) In tha surface watar. 

12. Unified data nanaganaot ayataa on board tba ship using a coaaun 
tins base to arable correlation of ground truth data. This ays tan should 
Include analog- to-d ig 1 tal conversion and digital storage on magnetic 
tapes. All tba naasuranants should ba stored In digital format tc 
provide easy reduction and uaa. 



* 
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13. A system to allow raal time comparison of ship and aircraft 
data at points of coincidence. 

14. Development of portable or suitcase Instrumentation adaptable 
to many different types of veasela. 

Although the above requirements have been given in brief outline 
form, their Importance to a remote sensing program cannot be over empha- 
sized. Remote sensing itself consists of measuring a large arms of the 
ocean surface on a vary short-time scale. Although this has the obvious 
advantage of surveying larga areas ve oust also know how representative 
our "instantaneous" picture le. 

In the infrared or temperature picture a representative view requires 
that we must know the time change of heat flux from or towmrd the ocean 
surface (lt<>as 1, 2, 4, 3, 6, 7) In addition to vertical mixing at thm 
surface. Without such ix>f«»"*atlou on both a spatial and temporal basis 
tha temperature structure we describe by e remote sensor survey will 
have little -meaning In any representative or scientific sense. 

In addition to change at the ocean surface effecting the remote 
sensing approach to sampling ths ocean surface, there is always the problem 
o! looking through a sea of air. It la lmperatlvs that wa know how the 
vertical temperature and mulature structure affects remote sensing equip-* 
sent. Tha atmospheric pollutants can also play an Important rols In the 
"observed” surface temperature structure through selection, abeorbtlon 
end transmission. It la also posalbla that pollutant* affect the repre- 
sentativeness of the surface temperature value on a time scale as wall 





rnmmmm 


156 


na the actual measured value. 

Similar problems exist foT photographic interpretation. Pactora 
such as water contaminants, surface roughneee end even atmospheric 
pollutants cji directly affect the apparent color of r u r water. Io this 
aspect then, it la Imperative to know the facto*- which lead to tha 
color hues observed on the ocean surface (items 10, 11). 

Microwave measurements are as sensitive, if not more so, to the 
g( M factors that must be considered for infrared measurement-*. 7n rhl* 
aspect surface roughness la particularly Important to signal return. 
Surface temperature and surface salinity affects microwave emission so 
that they also must be determined accurately before microwave data 
acquisition la realistic. An additional factor which must be considered, 
as in tha case of the Infrared measurements, le tha sky radiation. 

All the considerations stated above require adequate ground truth 
coverage. 

Tua question might be raised sa to why It la considered important 
to be able to detarmine tha horlsontal distribution of temoeratuie , 
salinity and roughness on the ocaan’a surface. Studies at Texas AfcM 
University hava shown corralatlon fcatween aaa surface temperature 
patterns and currents. Moat of the physical properties of sea water 
such as density, conductivity, dielectric constant, heat capacity and 
others can ba obtained knowing Its temperature and salinity. Roughness 
distribution can Imply evaporation distribution. Finally, chess 
parameters all enable estimates of the beet aed water vapor flux Into 


the atmosphere to bo meoeured. This In turn of foots long ported 


weather forecasting- 
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SUPPORT OP MISSISSIPPI DELTA TEST SITE 

Ground truth In the Mississippi Dolts tost site has boon obtained 
In the post duo to s combination of luck aod pereusalon. Research 
roseola are scheduled s year In sdranco; whereas, aircraft nlssloos 
srs scheduled quarterly. Since the principle Investigators In Specs 
Oceanography are not funded specifically for the maintenance of a fleet 
of vessels for use In the test alts, vessels oust be requested from 
the Institutions under which they are controlled and many times the 
press of other research precludes their use at any given time and place. 
Apparently, the only solution Is for funding to be made available for 
the leasing or purchasing ot research ships specifically to be used 
to support tha ground truth program of the Earth Resources Survey 
Program. Purchase of a fleet would Involve a high Initial capital 
investment; however, since the business of studying Earth from space 
is probably hers to etay, ths long-term economies of such s move fully 
justifies the initial lavestmant. This needed fleet is not in exis- 
tence today, and it Is unreasonable to expect that tha current fleet 
of oceanographic research vessels could do much to relieve the 
situation. 

It appaars that our ground truth problems 11a not In tha ina^quacy 
of tha Instruments b<x in tha nonavailability of tha vessels on vh«.ch 
to carry those instruments. 


■I J" » JW. ' JniJ imi 
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SPECIFIC RECOMMENDATIONS 

Ship support 

Since the major deficiency In ground truth support ie slnnlv leek 
of ship support It Is recommended that NASA acquire the use of at least 
five support vessels to be used specifically for ground truth support 
during the next 5 to 10 years in this program. Furthermore it is 
reco— ended that these vessels be of the lypa used by the offshore oil 
plar forms for logistic support. These ships arc relatively inexpensive 
and available for either purchase or lease and lend themselves to the 
module concept of instrumentation. "Module" refers to the construction 
of instrumented vans which can be used in s wanner to provide greet 
flexibility. This concept hes been successfully ussd by ths Vestinghousc 
Corporation on board their ship which supports thsir deep 6uboerpenre 
program. Discussions with personnel froa this ship revealed that the 
van system is very seaworthy and flexible. We estimate that each 
vessel with a basic suits of iaatrumented modules will cost about two 
nil lion dollars Initially. Annual operating costs will be in t u ? rang#* 
of three quarters of a million dollars. If ths ship Is leased the 
initial costs will be much lower though on a prolonged rpernt^^al basis 
it may be cheeper to purchase them outright. 

The five ships should be stationed where they can rive th« ■'xinum 
flexibility io support of oceanic requirements for ground tn»r'K It 
is recommended that Woods Hole, Miami, Texas A AM, Scrlpps. and Washington 
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each have the management responsibility for one ship. In this way 
when the ships ars rot actually supporting a mission they coold be out 
Investigating oceanic features. 

International cooper ation 

NASA cannot afford to meet all ground truth requirements throughout 
the world ocean. Negotiations should begin now on s prograa of inter- 
national ct operation in ground truth and space oceanographic data sharing. 
By using international oceanographic vessels with some specialised 
instrumentation furnished by NASA the ground truth requirements for 
extensive world wide oceanic areas could be met. 

The current planning for this type of program for the governments 
of Mexico and Brasil by NASA indicates steps in the right direction. 

Due to the closeness of the first Earth Resources Survey space mission, 
a rapid acceleration of this effort is necessary to Insure that 
several nations will be able to support this program. 

S uitcase instrumentation 

It is recommended the*. NASA let a contract to develop e portable 
ground truth Instrumentation package. Such unite will be very effective 
in meeting requirements where several lata points are required or where 


research vessels are not available. 
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Calibration standards 

NASA should establish uniform calibration standards for all 
t round truth instrumentation developed under thla program. Thla will 
Insure that all Instrumentation systems are compatible and checked 
against the same standard. Systems' specification and procurement 
should be under the suoervlslon of a select group of environmental 
sensor experts. Total Integration of all eyscems can bo developed by 
applying the systems analysis approach to thla effort. 


¥ 





* 


% 


162 


SUItttJC 

Yhe lack of research vessels available for specific support of 
ground truth requirements of remote sensor atudlee of the ocean la the 
principal limiting factor In the Spacecraft Oceanography Program. The 
current fleet of research veasela canoot support the extra demands of 
this program nor are they readily available for the addition of the 
sophisticated instrumentation systems necessary to support this work. 
The only satisfactory answer U to add new ahlps to the U.S. research 
vessel fleet that are specifically earmarked for support of SPOC. 

In addition, provlaiona should be mads for a simplified Instrumentation 
package that could be placed on existing ships, ships of opportunity 
and other platforms when the regular ground truth vessels were not 
available or where more data points were required. 

The soundest procedure is to consider the ship procurement and 
instrumentation installation as a ground truth support system. This 
should insure full comparability between instrumentation systems and 
the other shlpa In thla class. 

Even with these shlpa the requirements for ground truth support 
world-wide will exceed any reasonable NASA capabilities. Therefort It 
is important that NASA rapidly develop so International cooperative 
space oceanography program using our remote sensor platforms and the 
research vessels of foreign nations for ground truth support. The 
current riexlcan-Bras Ilian program seams to be headed In this direction 
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but It represents only a fraction of tha affort required to art 1 lot the 
aid of tha world's oceanographic ccomunity. 

Thera la no inexpensive way to obtain ground truth over and on the 
ocean environment. If apace oceanography la to be part of the future 
apace alaalooa then there la no choice but to develop the ground truth 
support now. Vach year that this declaim la dalayed will result la 
higher start up coats when it is finally implasMntmd. 
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A-S flff i fl i xfl or war asi aaam m 

18. TQ 3Q-PH7T VIKD3 OBTAINED OFF 
SgHFOUNDLAND WITH DATA PQR 
1^ TQ 20-KNQT tfIND3 yr 

A ^US I3UM) AND OVER THE GULF STREAM 

(Preliminary* Analysis) 

Dr. W. J. Pierson, New Tork University 


Date 

Thirty-two plots of radar scattering cross section versus Incidence angle 
In degrees were obtained with the KA3A-M3C 13.3 GHz (2 cm wavelength; 
scatteroaeter during two flights on the CV240 based at Argentia, Newfoundland 
v HI salon 60) . The flights were on 31 October 1967. Plight I was from 
1551 Z to 1823Z with a target area at 45°N 55°V, and Flight II v*s from 
2059Z to 2320Z with a target area at 45°30‘N and 50°30‘V. These data are 
compared with data obtained by the same radar with the same aircraft near 
Bermuda on 7 March I966 over the Gulf Stream on 12 October I966. 


C«mt 3 w g t ■ » llM « a d w.r. hlnJo.ta for region 


Th. winds OT»r th. .m of lnt« root ohiftod fro. • «,utb.rly direction to « 
northeasterly direction after 18Z 30 October, and were northeasterly from 
00Z 31 October to 00Z 1 November. Graphs of tha e a tinted wind speed at the 
tvo target areas for tha 24-hour period encompassing the two f lights are 
shown In Figure 1. The wind speed over the two target areas wae eeasntlaily 
the same at the time of the overflight (shown by the arrows) and vaa some- 
where between 28 to 30 knots. 

The weather and wind patterns during tha flight were rather confused 00a- 
pereo to the more fully developed patterns that can oocur, and It would be 
difficult to state precisely the overall nature of the wind field over the 
oompiete treoka of the aircraft. An appendix by Mr. Lionel Moekovits 
describee tha weather pattern and operational decisions. 

Plots numbered 1 to 18 correspond to Flight I Target I. The essential 
feature of these plots la that tha orosswlnd plots, no matter where taken, 
ar * *11 eeaentlally equal throughout the entire flight. These plots are 
numbered as follows* 1, 2, 5, and U to 17. Plot Ko. 18 la close to tha 
coast and runs from 2 to 3 db lower than the others. The upwind -downwind 
plots are again almost all essentially equal and run about 4 db higher 
the croeewind plot*. These correspond to plots 3, 4, and 7 through 1 3. 
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Plots 19 to 34 correspond to Flight II Target II. Plots 19 20 21 
24 to 29 in th. oroawlnd dlr.otlon tn til «m. ud ..Mntuily 
as t , 5, and 14 to 17. Plot 23 In the upwind-downwind direction le the 
a«me as plots 3, 4, and 7 through 13. Plot 19 la for nearly tha asms 
point as plot 18 and suggests that plot 18 nay be ano^lous. 

Plota3G to 34 all show a 2 to 3 db drop when compared to all other 
orosswlnd plots and suggest that the waves and winds my have decreased 
^October **** °* *** 1 *" t that ia » around 2200 to 2 300 on 

The wind data from the aree suggest that ths wind was essentially tha 
same over each target area at the time of the respective overflight* and 
that It was northeasterly at a speed of about 28 to 3C knots. The 
significant wave height was about 13 feet. 

Figure 2 shows plot no. 4 for fore-aft scatter and plot no. 5 for cross- 
wind scatter aa being the closest to Target 1. 


Saptr^gn Mitt Gmr Stream and Arcus Ip i w* ^ 

Uoyt the Gulf Stream and tha flights near Argus Island 
(Mission 20) provided th* same kind of plots for lower wind speeds and 
lower waves. The plots for both situations are essentially the same for 
incidence angles frm 5 to 20 degree., and tha Argus Island data^W 
{°J 5 fT*. w meaeured over the Gulf Stream were somewhere 

£; 8 and 5.4 feet, whloh oorreepooda to a wind from 16.2 to 17 2 
knots. The waraa measured at Argus Island were 7.4 feet, which correspond* 
to a wind of 20.2 knots. However, tha spectrvM at Argus Island suggests 
some swell and If this la removed to reoover the wind sea spectrSSf the 
wlnda near Argus Island could have been aa low aa 19 knots. Tha data for 
both missions have been ocmblned In one elngl* plot in Figure 2. 

UV*! 10 00 * p * r * the two seta of data, one for waves from 5 to 

7 feet probably from 5 to 6 feet), and wlnda from 16 to 20 knots, 

17 *° ^ tarots), and one for waves about 13 fast high and 
wlnda from 28 to 30 knots as shown In Figure 2. 

For all Incidence angles greater than 10°, the curves for higher winds and 
vavea xle above the curves for lower wlnda and waves. The separation la 
6 db at 15° and aa mucn as 12 db at 55°. There la every Indication that tha 
trend could continue were these plot* obtained for even higher wlnda and waves. 


S gffi*rl99P3 Of AYallablt wea backac e tterod data 

To show tha changes In tha normalised backeoattering cross section aa a 
function of Incidence angle <r Q (0) for see return, certain available and 
appropriate published data wen plotted for oompa risen In Figure 3. 



The data used for comparison with the Mission 60 data were taken by the 
Naval Research Laboratory (NRL) with a Tartlcally polarised X-band radar 
at 8.91 GHs. The NRL sea return data were taken roughly two years ago at 
Sea States 2, 3, and 4, where soot of the (0) Information presented was 
In the range 30”^ 0^ 85°. This range, however, is of vital interest 
since it oan be correlated to wave height or sea roughness. It aust be 
noted that the NRL radar la at a slightly lower frequency than the NASI 13.3 
GHs scatteromster. 

All of the Sea State 4 data were taken on Mission 60, 3’ October 1967, with 
the 13.3 GHs acat.te roaster. The Sea State 5 tr c plots orvow upwind UV (or 
forward antenna beam), downwind DV (or aft antenna baam) , and crosswind CV 
(forward and aft-beam) Information In the angular range 5 to 60 degrees. 

The NRL <r data a**e shown for Sea State 2 for 0 ^ 0 £ 30^ for Sea State 3 
for 3C°4£ 70^ Sea State 4, CW, 30° < 0< 85^ and Sea State 4, dW and DW, 

72°^ 85°. The Sea State 4 data were roughly Interpolated In the region 

30° £ 6 ^ 70° for comparative purposes. 

Mission 20, bartnuda, March 1966, sea return data taken by NASA with the 
13.3 GHt scat barometer, (waves around 7 feet), are shown by the heavy 

black dots. 

Of considerable analytical significance is the large difference In the 
value of <r o (db) between Sea States 3 and 4. This difforerce Is around 
14 dt st 0 a 30 , ar.d around 20 ib at 9 r 60° when one considers only the 
upwind plots. This difference certainly Is sufficient to allow good 
resolution of wave heights for the various sea states. 

It is also important to note that Doth the NASA scat teromb ter and the NRL 
radar transmitted vertically polarized waves and received In the vertical 
mode Y7. Additional information can be obtained In the horizontally 
polarized transmit- receive mode HH as well as the cross-polarized modes 

7H or HV. 

As a final consideration, even though the 1st a were taken from different 
sources and experiments, the plots and trends are clear and consistent 
particularly for angles greater than 3C degrees. 


Con cl -’ml one and reooaaa en rfa tloos 

The measurements for higher winds and waves follow the treed predicted by 
previous observations. Whether the plots are more nearly representative of 
wuve height or local wind, speed cannot be decided on the basis of this one 
experiment. More observations for even higher winds and waves and for 
situations where strong winds blow directly offshore Instead of parallel to 
the coast are needed to resolve these difficulties. 
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farvcAOt end hlndcast data 

At 12002 on 31 October, the southern coast of Newfoundland wsa under the 
influence of a pressure gradient yielding winds of 20 knots from 040 degrees. 
Offshore wind speeds were significantly greater (approximately 30 knots). 

The U9CGC CASCO (45.®, 53.9W) reported 29-knot winds and 14-foot seas. 

On the basis of the synoptic situation and the CASCO* • report as an impetus, 
a "go" condition was decided upon. The target point 45N, 55W was selected, 
this point being chosen because it would rwwlr under the Influence of the 
prevailing synoptic conditions and It would afford a laeway in the flight 
tire should the wind system collapse rapidly. A preliminary forecast of 
28-knot winds from 060 degrees associated with 13-foot saas (significant 
wavs height) was Initially forecast. These forecasted values at the target 
were ooncurrsd by the duty forecaster of the Heel Weather Facility, Naval 
Station Argentla. 

After a "go" situation was determined and after flight plans had alraady 
been scheduled by the flight operations people, s phone call was received 
from L. Grabham of NAV0CEAN0 . From this call It was determined that the 
forecasters of ESSA concur a "go" situation. The aircraft, airborne st 
1552Z, proceeded vith its mission and arrived over the target at about 
17X2 and returned at 1S25Z. 

Prior to the return cf the aircraft, It was decided to run a seoond mission, 
although the synoptic pattern was rapidly breaking down and seas did not 
apear to be as high nor wind speeds as strong as during the first mission. 

The second target, approximately 25 miles SE of Cape Race, was at 45.J1I, 
50.5V. The e>ea state was forecasted to be 9-1 0 feet. 

Vlnda were approximately 24 knots from 060 degrees. The second ml salon 
attempted to gather continuous 3 catte roaster data from the coast to the 
target. The aircraft flew out and back at an altitude of 8000 feet. For 
the first mission, the aircraft flaw out at 8000 feet and back at 15,000 feet 
The aircraft was over the second target st sbout 22X2. The cloud oover sss 
overoast thin stratus with bases at 1 500 feet and tops at about 35X fast 
for both flights. 

Hind oasts were prepared upon returjj to Washington, D.C., using more oosmlete 
data. The results for Target I: Hi / 3 * 12-13 feet from 060 degrees. The 

results for Target I.T, H-j/ 3 = 12-15 feet also from 060 degress. Veter 

temperatures wars approximately 50°F for both missions. Air and dev point 
temperatures were, also, approximately 50<>F. Water depth st Target I was 
over 400 fathoms and at Target II was approximately 40 fathoms. It should 
be pointed out that the water depth at Target I is nan-representative of 
the general area only a few miles sway. Tbs contours off the south, 
southeast, and east ooasts of Newfoundland are rather flat (approximately 
40-50 fathoms) for at least 1 50 mllss. The first target fella Just outside 
the flat area. 
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COMPARISON OF OTHER SCATTEROMETRY 
DATA WITH MISSION 60 DATA 

MISSION 60, SITE 160, FLIGHT 1, LINE 91, RUN 2 

1Q ^-SS5, DW, W x {AFT BEAM) 


BACKSCATTBUNG 
CROSS-SECTION IN db 


SSI, SS2, - = SEA STATE 1, 2, _ 
NRL = NAVAL RESEARCH LAB 
DATA, W x (8, 91 GHj) 
RYAN, W x fi3.3 GH 2 ) 

DW a UPWIND 
DW - DOWNWIND 
CW = CROSSWWD 
W x = VERTICAL POLARIZATION 
TRANSMIT AND RKEIVF 

wind vaoanES: 

28-30 Kt% 

FORE = x 
AFT = 0 


UPWiNO /DOWNWIND RATIO, 

VERTICAL TRANSMIT AND RECEIVE N db 

(SCHOOLEY S DATA K>-15 Ktt) 

^-NOTE CROSSOVER 

SS5, CW, W x , RYAN, (AFT BEAM) 

SS5, UW, W x , RYAN 
(FORWARD BEAM) 



INCIDENCE ANGLE W DEGREES 
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GRAPH OF WIND SPEED VERSUS TIME OVER TARGETS I AND H. 
ARROWS SHOW TIME WHEN PLANE WAS OVER TARGET 
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KEY 

— BOUNDS AND AVERAGES 

FOR MISSIONS 34 AND 
20 WITH WAVES FROM 
5 TO 7 FEET AND WINDS 
FROM 16 TO 20 KNOTS 
EMISSION 60 AFT SCATTER 
(MISSION 60 FORE SCATTER 
MISSION 60 CROSS SCATTER 
©MISSION 60 LAST FLIGHT 
CLOSE TO SHORE 



10 


20 


30 


40 


50 


60 


70 



INCIDENCE ANGLE, DEGREES 


